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T HE ſecond Volume of this work being 


cloſed, as it were, with the beginning 
a new ſubject; the reader might readily 
conjecture, that it was deſigned to proſecute it 
in a ſubſequent volume; but the author gt that 
time, was dubious whether it could he ne, 
conſiſtent with the reſtriction, which he han 


that could not be underſtood by thoſe, whoſe 
knowledge extended only to common algebra: 
he ſaw, that the doctrine of fluxions had been 
uſed, by authors of the greateſt reputation, in 
the ſolution of ſome of rhe moſt fimple of the 
queſtions, which remained to be confitered'; 
and was not ſanguine enough to conceive, that 
he ſhould ſucceed, not only in them, but alſd 
in the more complex, upon ſimpler ptinci- 
ples; he ſaw, nevertheleſs, the great advantage, 
that would reſult from the ſolution of thoſe 
queſtions, by a proceſs purely arithmetical, and 
therefore determined to attempt it; the attempt 
has ſucceeded, even ber d his hopes, and he 
now ſubmits to the approbation or cenſure 
of the public, a third volume, every queſtion 
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of which is either directly or remotely appli- 
cable to, probabilities, expectations, annuities, 
reverſions, or inſurances, dependent on lives 
or ſurvivorſhips.  _ | \ 
The principle, by which he has been enabled 
to perform this, was uſed in the ſecond vo- 
lume (page 341) in the inveſtigation of the 
tion of a ſingle life; and its applicati- 
on, to an annuity, is equally natural, and 
eaſy z thus, conceive a perſon of ſuch an age, 
that ĩt cannot be reaſonably expected, that he 
ſhould live beyond the end of one year, ſup- MY 
poſe him poſſeſſed of an annuity of 1. (or 
any other ſum) with condition, that ſuch part 0 
of that annual payment is to be made, to his 0 
heir, as ſhall be proportional to the time elap- « 
ed, between the beginning of the year and the c 
time of his deceaſe: then the expectation of « 
the ſum, to be ſo received by the heir, (being « 
valued at the beginning of the year) will be 40 
half the annual payment, the intereſt of mo- 
ney not being here conſidered: the uſe of this 
principle is alſo extended to ſurvivorſhips, 
with ſucceſs; as will appear in the follow- 
E Pects: - WM 9997 U A 
he ſolutions of the more complex queſtions, 
relating both to annuities and ſurvivorſhips, 
would, however, have been inſupportably te- 
dious, if the method of approximation, uſed | 
in the ſecond volume, had not been again ad- 
mitted ; and it was ſo, with the greater alacri- 
| ty, 
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ty, becauſe the reſulting expreſſions are more 
manageable, than thoſe in that volume. 
Ihe truly ingenious Mr. Thomas Simpſon, 
in his ſele& Exerciſes, pages 322 and 3233; 
ſpeaking of thoſe Queſtions, - which relate to 
ſurvivorſhips, has the following paſſage. 1 
te have, already, been very particular on theſe 
« Kinds of Problems, and the mote ſo, as 
« there is no Method yet publiſhed (that I 
« know off) by which They can be rightly 
oo 


« determined. ?*Tis true the Manner of 
« ceeding by firſt finding the Probabilitꝰ N 
« Survivorſhip (which Method is uſed in 
« former Work, and which a celebrated 
e thor on this Subject has largely inſiſted dn, 
jn three ſucceſſive Editions) may be applied 
* to good Advantage, when the given Ages 
« are nearly equal: But then, it is certain, 
„ thit this is not a genuine Way of going 
« to Work; and that the Concluſions hence 
% derived are, at the beſt, but near Approx- 
imations. The Rate of Intereſt that Mor ey 
bears muſt be compounded with the Proba- 
« bility of Survivorſhip, and the Expectation 
«© on each particular Year muſt be determin- 
© ed, in order to have a true Solution.“ 
The author, of this work, had been of the 
ſame opinion with Mr. Simpſon, long before 


* . 


above paſſage ; and it is a great ſatisfaction to 
him, that he has been (almoſt every where) able 


to 
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to adhere ſtrictly thereto, in his ſolutions. 
The caſes, relating to the order of furvi- | 
vorſhip, have been hitherto exempliſed no 
farther, than where three lives were concern- 
ed, but are here extended to four; this, it is 
true, takes up a great deal of room, but then, 
it will bo a great caſe, when it-ſhall be wanted, 
to find every poſſible caſe inveſtigated;” and the 
es will be of ſervice, as — 
of the manner of algebraic computation: 
The ſubje&s of copyholds, and leaſes of 
lands, for one, two, or three lives are alſo here 
diſcuſſed, in all the varieties that have occur- 
ed; either in the author's reading. practice, 
or i tion; and it is ho ene 
new: light is thrown, on thoſe ubjects. 0 
Tis true, that as theſe do not appear till 
e the cloſe of the volume, the author has 
been obliged (in order to prevent the ſwelling 
thereof, beyond a proper ſize) to abbreviate 
the —— by leaving 3 _ inter- 
mediate but as it may be reaſonably 
— th the reader will be then ſuſſici- 
ently maſter of the ſubject. to ſupply that de- ¶ he 
fect, tis hoped, that it will el eſpe - 
cially, as the ſo doing will be a good teſt of 
his ability, in ſuch kind of computation: tis of 


— ig "oY _ 24 


Scree 


fon the ſame reaſons, that rules, in words at are 
length, have been omitted ö the 55 
whole volume. Nori 
| The author thinks, that lilexnied be here | 
faid 
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ſaid concerning inſurances on lives; as it is a 
ſubje& not before kandled, and will ſhew its 
own uſe. 

There are inſerted, at the end of the vo- 
lume, a table of the values of annuities for ſin- 
gle lives, ſecured by land ; and a table of the 
differences, between the values of annuities for 
ſingle lives (ſecured by land) and the quoti- 
ents ariſing from the diviſions of the com- 
plements of thoſe lives, by 6 times the rate 
of intereſt; which differences occur in moſt of 
the ſolutions, contained in this volume. 

It will appear, by the under written correc- 
tions, which the author thinks himſelf obli 
ed to make, of errors committed in the 
cond volume, that he has too much occaſion to 
fear, that ſome ſlips have eſcaped him in this; 
eſpecially in — parts — wherein he 
has ventured beyond the beaten path: he 
begs leave, —— to beſpeak the candour 
of the judicious readers, profeſſing himſelf 
obliged to.thoſe gentlemen that have, or ſhall, 
point out his miſtakes; and promiſing, pub- 
W licly, to communicate and amend thoſe, which 
he ſhall be informed of, as he now does them 
es BY which are below enumerated, 

in the expreſſion given toward the bottom 

of page 151, Vol. II. the quantities, « and, g, 

are ſeverally multiplied into 7; but the multi- 

IJ plication was in the ſubſequent work of the 
3 original calculation, inadvertently, . 
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The tables of obſervations (pages 158 and 1600 
ſhould, each of them, have been extended dne 
line farther, in the manner followings vr. 
under the laſt printed lines of zach, let mes 
be drawn, to denote the beginning of a ne in- 
terval; then in table page 138, place gx, in the 
firſt column; o, inthefecond; o, in the thirds BE 
and + 1, in the fourth : and, in the table page 
I 160; place 91, in the firſt column; o, in the 
ſecond; o, in the third; and + 1, in the fourth. 
4 It happens, that theſe omiflions affuct the 
examples, given in pages 162 and 163, only .; 
in the ſecond decimal place; by which mean: 
they were not diſcovered, before the publica. WI, - 
— that volume; the firſt — ſince ſeen, if 
author, on reperforming the | 
eee eee 
ſubject :*and the latter „on its being 
diſcovered by another gentleman, that the va. 
lues of elder lives were not given truly, 5 the 
5 „ e corfecaions . | 
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? 95 8 
39d. for Dy. 17 
Þ 155 EN 1 at length, page tr let 
gl he-5th and 6th aphs ſtand: thus. 


Multiply the number which ſtands in the ſe- 
bel ond column of the table of abſeryations, on 
i line with the given age, by the intereſt af 
re pound, and divide the prodigy of the 
ate; eue u denen under: gn +: 

— o multiply this quotient, — the —— of 
L. reſerving the product for 
Place the number which r in qo third 
Wolumy of the table of obſervations, on & line 
ich the given age, under the ſign. —. 

nn the operation of the example, page 162, 
e 12, after 89, inſert 953 line 15, after 99, 


4 ſert 85; z and line 1 9 after T, inſert 15 


That 
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That part . Pige 
169 K ſhould ftand thus 
—_— of — 33 0,2741 14 i 
tiving at 10-ycars-of 37 3 19 0,4740 
ie, be mültiplied by 4 0, 1780 5 3297." 
0,04, the — of 25. * 1 > _ 


iLit 
which being 2 64 o,o 4% * 


by (1 =) 1,04 66 n : 
; 13 quotes 75 2 Not! 
20,1 38 Which 9 „g g 9 x 
under Vs ** 5835 enn 
and this q mares 20,153 


20,1538 = lied MG TR” . 
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E * find the value of an annuity, ſecured by a grant 

1 of lands, Which is to continue during the life of a2 
perſon of a given age? e 

An amnuity for life, Aeares by. grant af tenth differs 
from that hind of annuity for life, whoſe value was camput- 
ed in Quefl. $6. Vol. 2, in this; that here, of the am.. 
tant dies at any time, between the flated times of ibe p- 
ment of the annuity, his heirs are to receive ſuch a ſum, as 


will be proportional to the time elapſed, between the laſt 


— mm. 
— — — = 
— — 


ts i43 \; ia bl 4 r r 
Note, all the ſolutions relating to annuities, reyer- 
ſions, -ſurvivorſhips, &c. in this volume, are computed 
upon the ſuppolition that the decrements of life are equal; 
and may be adapted to any table of obſervations, by the 
application of the ro4th queſtion of the ſecond Volume 
o, in thoſe examples w no rate of intereſt is men- 
tioned, the reader is deſired to compute at 4 per cent 
again where the ſymbols 7, m, =, and v, are as the 
complements of life, : is always the greateſt, *: ter 
| than»; and z greater than v; laſtly F always denotes 
de value of that ſingle life, whoſe complement is 7; and 
HH SIP, . D, thoſe of ſingle lives whoſe complements are 


| everally *, and V. 
Vor. 11. B | time 
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time of payment and the time of death ; whereas, in the 
former caſe, if the annitant dier on the day preceding the 
time of payment, or ſooner, bis "heirs cannot claim any part 


of Jncn paymens.. | 
74 2 80LaTtion. ® / 


If = denote the. complement of life, th i 
as in the 1 . above quoted) the 2 % 2», 


* 


bibifities of receiving the whole payment of the andu- 
ity, at the end of the firſt, ſecond, third, &c. year, 


AIC nn — e. beſides which, in- 


this caſe, the legt has 4 expeRation of receivin 
ſuch part ofthe noir as ſhall be proportional to 15 
much of the ay be elapſed before his deceaſe, 


if he dies be . — e becomes due. 

| Now, it is an equal chance, whether the annuitant 

dies in the firſt, or ſecond half, of any one year; and con- 

bal he — his heirs receive — or — 12 
annual payment, growing in year 

cexſe ; — may Rn ecmed, to have an ex- 

half that payment, and we may (as in queſti- 


on 105, eg Vol. 2.) 8 each of the above probabili- 
ties by, - — the probability of the annuitant's living 


half of chat year in which he dies ; by which means, the 
reſpective value of the firſt, ſecond, third, &c. payment 


of the annuity will become (= + — —— 
1 223 42 2 —1. 22 

. 
WS. 4e th fame with the expedations of if, fo 


„ the pre- 
ſeat values of thoſs payments vil become (=== = þ 


I 
— 
— 7. 


R Br 0 TOR M + 


ya => = += 12 7 2 5 Ut of) 


2 —- 1 Db 27 — * wy 4 
75 4 r r e. And 7 


the required value of the annuity. will» be repre · 
ſented by 1 22 — 3 


28 — 5 
*. e 


0 TAY, 2 1.19. ann 
Now nie eiten from, >> RT N Sed 


$3. 
(a), the value of. an "2 for a ſiogle life ke 
other: ſuppoſition: (ſee queſt. 56. Vol. 1 8 


mY > io” BR * Derr 4 


+ r e = which” (by q belt. 1 15. Vol. ) 

— - 3 & 361 rat aGiM 
wept (DE = = .. , 
denotes the preſent worth of one pound, wore ; 
of x years; (ſee table pag. 166. Vol.,2.). and P 
hoy che perpetuity . (fee table Frum wa | 
18 the whole / quaritfty, HITS 


ITE * Nn 
che» quotient ere, by dividing. 3 ies 
of an annuity certain, oe, 20 n life, by. 
twice that complement. 

If therefore, to P. — Dae of the ans. 


nyich found. by: quaſt"56, Vol. 2) we e eee 


A 


(the quotient above deſcribed) the ſum, = 
L vill be the anſwer; whers L denotes 


7 8 
== -or -PP. 


eee . of . 
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N;. and the_yalue regulred, N- then N N + 
, upon which principle the following tables are 


calculated ; and may be compared with beg — of 
the focond volume. \ | 


ebe les. "The above nals (althid "Jeduced ae the 


l upon the following trial, be 
| ot exaAly) wich one, Joluced for 


Ser? = ＋ 4 fl nal proceſs, 
9. 473, fe phi deere e a, = — 

to t „ for finding | 
— life from from a given table — enrrnss mentions 
e * 
 Mr-DeMojgrarule inexpreiedby == —= 


(above denoted by ); . ligniies the hyperbolic Loga- 
rithm of the quantity (the amount of 1 pound and its 
intereſt for one-year) ; and P denotes the amount of an 
annuity, certain, of one pound, to continue during the 
complement of ſe — rout, ue 


* cv. nk reduced to the notation __ 
— work, will become 7 — E r 
: Lo); watt ito 

5. Vol, 2. 
Rep tele Shore ound 6 rely qual is 


that of Mr. 5 biyre ; Then, 
714 = — Pane — r- ke. 1 


25 
5 24 
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I = 
— N 
— 2 7 a7 4 4 r 222 1 
"I a 
Or. ( tecauls 5 — — — 
; — — — — 
8 3Þ Er—1 >” 72 pa 
TORT LIED err 
Whence -( — — —ů— 
Rs. goth! - IITE 


© But lde A pars. vol. 9 n 


any numb Wannen the ſe- 


7 1 — 5 . * 
2 * ＋ N 14 4 "Wh . & 
of which the above compariſon give: 
ia his cſs ja <9 enoogh, all appar by tho 
ing calculation. * ** 


As the intereſt, of money has not, . 4 


ceeded 5 per cent. and is continually decreafing ;_ » will 
not, in any. caſe, be expounded by ® number greaterithan 


© = ps will be 
LF. 
Are hs ; + w—_ 
At, aft. | 
CONES = 255785 is dnn 68 fall 


2 When the rate of nean lf 
ſuppoſe cent. the fraction whoſe powers conſti- 
dab the . will be fill ſwaller ; for then * = 


0 B 3 dee 


Manns MM A 11 * L 


— 


ies Bk 6k x 46-4 
* cn nw 4 * 51 
quantity, ſtill ſmaller than the 1 en fir ſt 


term of Mo ſeries will, i all caſts,” he Tufficiently exact; 
ad The Tile above found will agree with that of Mr. De 


Aire. ad 

| Notwithſtanding the able, bereto Abnexkd, "of t the x 
Ines of annuities on, lives ſecured on brd it is thap 
*convenient to ihſert or 


of the” Ke 
*thoſe tee; which have bern ALS aan. as 
tions of the ſecond volume. en 


7 Ky 
22 2 73 755 EXAMPLE e 
A Fas onko vale of an sass) dess. 5 ld, for 


the life of va perſon, uged43;* allowing noun pe in- 


tereſt at 4 per cent.? 
, _ 1. — 4 the value of u an- 


e is 12,683 
—— = 25 #=" 453 uf enz. 


, Whence 1 — — "48 2 Ma bs 8 

AIdltipiy by EP S nas een wv 21. 
8 * therefore (12.683 + 

n an 


* 
* , * g „4 * 
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What is che value of an — (carey land) for 
the life of a perſon, aged $41. at 90 v5 cent, ? 


By the zd — che life aged 
54 85 10,478. , "here 253 #254323 * 
— 51. 1 05 f 
7 Therefore 1 — + 009 | Aan Hen 


Multiply by 25 
- Then (2x 32 =) 64117 -8725(6279; a (10,478 + 
97279 =) 10,757 will be the yalue required. 
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EXAMPLE II. 


What is the value of an annuity (ſecured by land) for 
the life of a perſon aged 66, at 4 per cent, ? 
By the third example of the ſame queſtion, the life of 
66 is worth 7+3333- and here P 25; n= 203 and 
þ = »4564 
Whence 1 —'p = 5400; 
Multiply by 
Then (2x20 =)42)13,5900{ „340 and (7,333 + 
0, 340 77673. 


Qrel. 1. From Mr. D- Mater? ende of this que. 
tion, may be derived a commodidus method of calcu- 
lating the values of theſe annuities, de nowo; that is, when 
the values of the former kind of ariuities are not given. 


For it appears, 1 that war — — is a conſtant fac- 


1 — - 1K 22 


aeg tube mogutiv — 


— 22 


F or) Pm — P. lh, cherefore, the va- 
. r 

lues of _ be calculated for the ſeveral rates of intereſt, \ 
4 as below, the value of the annuity will become _-_ 

e P.x4 = 

Now, . \ PST 
r od - ber cent. th 
] of in- 43 Then rol X2Z 
1 tereſt 8 3 


is O's 


Corol. . tcured by land 
2 lift of a given age, be re quired to 2 r WM 


ing to a given table of  obſer<atio then the rule 
in pag. 161, Vol. 2.) the vale] the comes de, for 
that. 
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that life ; - and . 104. Pol. 2. the 7 
nr 


"Found, "add, _ p, the quotient above diſcribed, and 
the fam wwill be the walue required. 
4+ : ; 2 | 


WR 
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QUESTION II. 


4A. whoſe complement is m, is poſſeſſed of an annuity 
for his life (ſecured by land) which he ſells to B, for » 
years certain, on condition that at the expiration thereof 
{if 4 be then alive) the annuity-ſhall return to him: the 
ſeyeral intereſts of A and J in that annuity are required? 


| SOLUTION. _ 
- Byqueſtion 57; Vol. 2, the value of an annuity (not 
e by land) for = years certain, if a e chem. 
plement is = ſhall live ſo long, is 1 = —— x Po 
Po rut x it Toni il rn 

2 7—— = x Towhich,if (1 — x 
<=.) 'the den of » terms of the ele . + 
a2 „ R 2 mr 


E P F 
26 in queſt. 1.) appear to be the value of the intereſt of B 


in the annuity ; viz. 


— 


ROTER 5 
And, if the above value of B's Intereſt in the anivity, 


5 bo b 1 64 2 — r - ) 


the value of the annuity 5 A's life, the remainder 
will be che valye of dhe intereſt of & in that annoi- 8 
ty, vix. 2 g 


4 
1 
f 
- 
? 


— 07, wu = = WW ; zm- 


7 2 
Buty P Rept þ LY! KY 


by page 5 queltion 1. Therefore, if che values of 
— be taken from the table lags the value of | 


Le 5 remaining intereſt will become - 


BASE; 005 2086 — * e 

| ' A — 1 I lice 1 PR Cty 
as 7 - ® 115 w\ _ = . " 4 * 1 1 

ö na $4 t Fail enn 
wen Auer . Nele 


n would ſell to B. his intereft in 
N on his own life, for 20 certain 
IT y. for the ſame ; and what is the va. 


in e. * he ne 5 KN 


; + | 10 4 Y 3 ++ / 4 | K ꝓ—— 5 
„ * 14 * * 5 89 4 : þ 7 « 0 ITT 4 4 . Ra 1 


- 


* MATHEMATICAL 

. 05 13 yy" 
* 245 
e 25 N — 13-595 — 282 = 


and 1 — 52122 e 125. 
Now 20 X — — =7;131; and e | 


— — ” 


12123. 


1,04 
e E — 11,042 =) 5 1 


E 4 


4 
* w—— 


br mile gu — 14564 — 


Sr 


_—_ 


117133. 
os 12 * ed ; 2607 * 1713 = — > 4.4683, ; 
$,4768 -—- 43683 -=4,1085 3" Therefore 


| (=<====) 0,866 will be the valae of what. has 
not feld. 
; TN be added 

to 0, 866 re: value not 


their lum, 29.75% 
vi de be value of the | * 
Otherwyſ+ ; if tables of — . 
ow are at band: then, fince the numerators, 2»: —i 
2m + 1, and 2» — 4 T 1, of the leaft terms of the 
two ſeries (ex tho values of ſuch annuities for 
the lives, whoſe complements are m and ] are ſeyerally 
unity; and fince the common difference of the nume- i 
rators of every ſuch ſeries is 2; therefore the numerator» 
of any number of terms, whatſde ver ſreckoning from the 
leaft) of both „ which expreſs the values of annu- 
ities, "for two Gifferent lives, will be Nverally equal: 
chat is, if there de two lives, whoſe complements are j 
m, the greater, and J the leſſer; then, r 1 
the ft I terms of the ſeries, expreſſing the val des of 3 
the life, whoſe complement is u, will be 24 * 1 
2 => 3, . . . 8 


1 ef c 


Ros ITen v 31 
es, which exhibits the value of the life, whoſe comple | 
ment is d. 

For example, Let „ then the nu- 
merators of the terms, expreſſing. the value of the life, 


whoſe complement is | 3 enn be 75, 35 25 


5, 3, 1. 
To apply this to the queſtion before us; let us put 
and D, for the values of annuities (ſecured by land) for 


two lives, whoſe complements ure 1 and {m— Fl: 4 | 


ſold: let the value of the firſt be denoted by * by and 
then that of the latter will be expreſſed by M — Ib: - 


Then MM = 2 3 1 


en 


24 —1 | 
— - 
TT. 


2r 


Therefore d x OD = —— + 


Whence ur x A HA D 
B 6 And 
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mY unſold, viz. | 
D—M= ee, | 


* 


il 
ki 
we 
.}! 
1 | 
WH 
+4 | 
118 
bi 
" 
| 

| 

þ 
ay f 1 


= A 27 xD = 


— — 


EXAMPLE 

" Tf the be 54, and 

eh bo $4 the term for which the annie 
75 They M the vie fi of 54 


worth of 1 £ due at the end of 
10 yan = 05% by table #ol. 166. Vol. 2. and 


— Nr 
3 32 8 

Therefore (5-957 * 04564 x& =) 0.866 = = 6 
"M, the e ; and (70, 757 —0,866 =) 9,8912 
e part ſold. 
As (in the above ſolution) the ſymbol M is put to de 
ts an „certain, for = years, if a 

plement is "ſhall continue To long; ſo, 
. — we ſhall uſe | 


t, 


Fo Ty va- in, if Ne, 
| „ > live © 
m, long. 


N me 
_If the 1 values of the above expreſſions be com- 
_ paig at/4 per cent; and 7, u, , v, are expounded by 
1 43, 32, 20, 103 then it will appear that, 

Sen, *M=6,925; 


oF =10,838; Mr 9.891 
.F= 12,578 3 » = 6,215. 
N MA Scholiumd 


; 
| 
| 
| 
1 
| 
: 
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$-holium. The latter method of "ſolution, might have 
been applied, to queſt. 57. Vol. 2. wherein is the 
value of an annuity (not ſecured by land) for » years 
certain, if a life (whoſe complement is n ſhall ſo long 
live: in which caſe let M and D repreſent the values 
ſuch annuities, for the given life, and a life » years elder 
than the given one 3 then M— — xD x ==> 
ill be the anſwer ; differing from the above, only, in 
vrtng V D, IW AI” | 


— —— 


QUESTION III. 


To find N" the value of an annuity (ſecured | land) 
to continue during _ joint lives of two ns, of 
qual ages? . 


Let be dhe cee oon tem AH ages; then 


oC , 
— 
i 

. 3 


: 
| 
„ 
4 
; 
; 


- 
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1 — 1 51 — 1 1 * 
give — Xx — — A — 4 
- ar | * Nr Au. a 
| 1 2 | 1 
n un 
2 — 3 1 
— — — — 
* nu nba 4mnr3 
&c. & c &c. 


for the value of the annuity required; which, putting N 
for the value of the fingle life (as found by queſt. 56. 
vol. 2.) and Nu for the value of the equal joint lives 
(found by queſt. 65 thereof) will become N + 


4. LEP. 
ah 5. 


EXAMPLE. 


What is the value of an annuity (ſecured by land) for. 
the joint lives of two * each aged 48 years, al- 
lowing compound intereſt at 4 per cent. ? 

By queſt. 65. vol. a. N =8,575 and;p , 2293, 
By table fol. 170. vol 2. N=11,748; 1=p=,7747, 
Here #=38 ; and P 25: 2 ws 25 


Then 38)11,748(0,309: and 4x38*=5776)19,30750,003 
Whence (8,575-+0, 309+0,003=)8,887 is the value re- 


* 


QUESTION IV. : 
approximate to the value of an pony (ſecured by 
two perſouif 


| To 
land) to continue, during the joint lives 0 


of ziven ages? © 
 $OLUTION. | 
If m be the complement of the younger life, and « 


that of the elder ; ien „ 


2 20 


RETOSITo AT. oh 


255 ( „) l repreſent the annuity 
required : and if we'conctive'itt conſt of the produtt 
of two arithmetical progreſons, wiz. — — 


(#) whoſe ſum is N, foundper table; — Ins 


r 2m 


(=) whoſe ſum is — x #, by queſt. 106. vol. 5 


their common differences being - and - then 
the ſum of that ſeries will be (by queſt. 21. vol. 2.) 


9 — 75 * 3 


; 2 e. ar 
TE IEF = n r. 


2m Xx _— 


n Ty pms 


2m x G 
— — n= 2 2. 4+ 
— 0 (= A+ ==) a= 


— — 
” 


N ——= x —3 which is therefore the value of the 
n ä | 


bo In the ſebolium to * 64. ks 2. dil none 
of approximating to the values , jein lives firſt appears, 
the common difference of — 275014 arithmetical progreſſi- 


— met IT 3 &c. (which bas the ſame 


differences with the above) wear funde be rr, Jar. 
which reafon thr ame cotton 4) eren . 
as 


2 ——, —, 


92 0 
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EXAMPLE I. 


© What is the value of an annuity of 1/ (ſecured 

land) for two joint lives of 43 and $43 allowing in 
at 4 per cent 

erem=43; #=32;N = = 10,757 by queſt (and 


* . 0 laft. vol. 2. 


— 2 


10, 75 10,7573 
ER 
Rem. n '=" 2,095, | 
| Remains 3,662, the mer. * 
3 EXAMPLE 1 BS wary 
What is the value of an (ſecured, 


more 


land) Rr ITY 6; 
* eral 


Here n=43; 203 7673. and = 2203. 


From 7,673 710733 | +9 
Take 23,2 ũ —— xs gelt 
— —— — l 6 


EXAMPLE m. 


What is the value of an annui Oy egen 
Ind) for ro Jin Hef 54 nd 05 a 
at 4 per cent? 


Here m=3z; 720 Bus, . 
From 7.673 7.673 1 of 


Rem. 4.408 * 37 — 1,397, 483.4 Ta TID * 
| ; | 7278 the anſwer... +. 
a COROL. 


% 
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C o 
If the two lives are of W the approx 


* 


mation will become * R 3 or 


— Ep 3 Ages "LEE 
Therefore — value 1 an annuity dene by land) 
on two equal joint lives of 43, will be 


(N= =) ogy, ; F 
That, of two equal joint lives of 48, will be — 
— = =) 9.0451 


That, of two ow} joint lives of 54, will be , 
RNS = =) 7.9423 2 22 


„ that of tire mated Joint e if $6, will de 


(=== — =] $-439- 


ny 


By queſt. 106. vol. 1. it ap 
f two your lives 4 uy 


xpeQation Ces n 
Now fince theſe exprefnons, and — 


ſeverally the ſums of the ms 


| f it 0 ad De ED 1 


; it follows, that the expreſſion, ——, = 8 


ſeries, which is compoſed of the differences. of the 
| * „ ye : 4 Uh _ terms 
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terms of the two former; wiz. the ſeries 


. 


gp — N 

(by queſt. 1. and this 3 to be feverally the 
—_— 28—3 

3 0 58 


— 2m—1 
zur 2m A. — {ts IS 
follows, that, N — == x —, . 4 


that ſeries, which hs competed of the differences 0 
tle terms of choſe two ſeries, x. the feries - - 


© ew FR 


J: the 
22 SA). n 
dent reſi . 

0 2 ult of queſt. 21. vol. 2. to 


'Now the firſt two ſeries, thus eompared together, v 
up und * — — - 


— x ( ). exhibit ſeverally the expes 


2m” 
of 8 the ſingle life, and 2 = 
«tween. tho the expectations © duration 
. 1 


r ). "a 
ERIC — 


ts, which are analogous to thoſe expec 
— duration: therefore whenever, in inveſtigation f 


* 8 1 N y 
- 
= ; 


: <> 2 = 


LST > 


R IosI Tory.” ty 

the expectations or probabilities of the duration of lives. 
we meet with either of 'the "ſeries, ' firſt named, or their 
ſums —jand; wer- ne chat che 


values of the annuities, ng; to thoſe probabili- - 
ties will — * 12 ſeries, 


. dee he — ol typ joint, lives i 
8 de e muy condiide,” that an antity (Sued 
by la erer Joint liver will be e 

A = 7 A 1 
prion ofthis queſtion er e gt 6th eee 
ER COK01 — — 
| BF denn boch * 
1s of the longeſt of two or three lives, are 


d by the additions or ſubiraRions of = = 


| OI — cheraro)jie tots, hari .. 


ne value of the annuity, correſponding to:the' expe&ation, 


+ < 


mM : Z 


nnuities for two or three lives, be anſwered by ad- 
ing and ſabtracting the values of pres aver = 


— in the ſame manner as the expreſſions are 

dr ſabtraied in the values of their expectations. 
The AL the value of an 3 which Rall cor- 
e expeRation, - requires; e 


RELAY ſeries of probabilities, whoſe ſum is ——= 


Joe given expectation; and ſecondly, that — 
„ expreſſed by thoſe pro 


s be found. 
QUESTION 


— 
— . 


* 
- 


* 


=«- 
— 


==” 


f 
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' QUESTION v. 


To boa th n f ta fries , of which the ere 
bon, _— is the ſum? Am 48 


* « 


LD a. re ES 


= 


SOLUTION. an? 


By | 10%. vol. 2. the value of the expeRtat 
S * 2 


eee A at 3 ty | 
-— 8 chat re, W 


che firſt, ſecond, third, &. term of the required = 
ma — — — 
| ET M ECP 
EW 2m | _ 

knd 2 2m 2n 27 8 
| 1 i% — A 

1 . 

2 2 


© a . . 
G | 
s 2 =. * o * * 


* 


RETOSITOR x. 21 


lo EEE = x EL nn T £ 


= 2*=5 22. x LE=2: a 


— — 4 


Then 


22, MATH,Z-MA T LCA 
Then, if from the three former fractions, theſe three lat. 
ter be taken; the remainders will be == — and 
bee aflerted.. | 


£ 2 / : „ 247 20, 1 * 249% 24 , 
— ; "©. HEM 
— . X 9 — —_— 4 X 2 3 ; 


— — 


\ a 5 ſ 2m. 27 
r eee 


22 * 4 X- 3. 


2 ' 2 a 28 21 
0 


Hal ae inveſtigates the ſum of. this ſeries, — 
nnen n1 


a) the ſum thereof will appear to be 7257» Which e 


" QUESTION VI. 


To find the ent value of the annual payments, Ex- 
Jonah . Ll in _ Ns to 


203 . | 
e x2 * 577 


— 


. 45 — 
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$O0LUTION, + 


Here the ſums of the three ſeparate ſeries, whoſe pro- 7 
lofts compole the above, are N. 2, and ; their, 


common differences, ——. — — —>* % 2. and their 


29—1 1 3 
W — 7 therefore {by . 


1 


2. vol. +) the ſm vin ( . X X 


4 


* Is the flations of pes, 21 and 22. vol. 2. the arith- 
etical progreſſions were aſſumed to be decreaſing ; and their | 
n differences were, notwithflanding, deemed afirma- 
ve; now, in this operation, there are two encrraſing pro- 
nt, and their common differences are confidered as ne 
ative, becauſe otheraviſe, the. reſult will be the ſame, as \ 


ine, aroſe rom decreafong progr fone 
QUESTION 


* . a ei bd ab as 
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QUESTION VII. 


And B, — ements of life are f and 
hare an annuity ere land) for their joint lives; 
which they will ſell to C, 1 years, leſs 
than either of thoſe complements on condition, that (if 
e the annuity ſhall return to 

— hl the value of C's intereſt in that annuity i 


$0LUTION. 
al or (by queſtion 4,) | | 
STA * will 


A 24 2mr* 
| 2t—1 
—  — X —_ * 


= x — ( eren e gs hr 


2mr* 

pro to be ſold to C. 4 
ow, if this be conceived to conſiſt of the -produdt 

of the terms of two arithmetical progreſſions, viz. 


= been $,c 


e 7 


en . 7 


queſt. 2. nd ut ESI» Ys fn hel, 


* by gut 196. W 8. their common 


differences being — and — 3 then the ſum of that 
ſeries will (oy queſtion 21. "will 2.) be 


TI — 


— rn en nn nes 
8 „3, 3 


N EXAMPLE, F 
What is the valns of. 88 aqouuty ty (ſecured by land 
20 years certain, if two perſons 9 


ſhall both live ſo r "Mowing compeunt inert — 
4 per cent? — ; 3% ep; 


— Here a = 20; „ = 323 2 4 == 37205 
and «JB (by , 1 queſt.'2;)= 9.6. 
1 Whenoe” — = 1 — = = 2,003; 211 9.891 5 
u 2,003 = 7.888: by £5441 
S = 8357 Dh. (99 — 1.838550 
8,056 will be the value required. 3 
| 6+» © Omni VC 
by _.,C@ROL, I. 


If the two n on | whole joint lives the annuity is 
held, are of equal ages: then # = m3 and the value re- 


CG "M n — 


=. . 
—— - * 


Oo R A 


If the complement of one of the two perſons, on u hob 
Point lives the annuity is held, be equal to the number of 
| 6 
2 —— whence the value 1 
w 


— 


yfor \ 
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8 CARR, 


bitte 2 S FT) 1 


P= = the lame with the value of an anni 
Jy the two Joint lives, whoſe complements are » 


3 


uns rfon var. 


| _ SOLUTION. | 
If » be the commn complement of thoſe lives; then 


— , 10 2—2 t Þa=3 I 
n + 2x J * * 2 Þþ n o+ ==] 


&c. will be the probabilities of receivi the f 
Land, dd, Ke. paynlent. —— 


'R 1 o 8 11. I 


Will repreſent the was af tle nig rea - | 
Or (putting N, Nii, and N## for the valyes of 1, 2, 


nd 
A lives, as found-in queſtions, 56, 65, 


gi = i +22 4 


4 COROLLARY, en 
e — Ne 00 ig eee e 
wN NI 


wu ee te - 


+ - 
erefore Iv N. = — vi . 
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* 


bn fo 4X 101101 


To to the value of an annuity * by 

n hl whoſe complements are a, m and 

e; e 
| | '$0LUTION. 


© By . 107. vol. 2. the expeflation of the thre 


— 


And, if the terms of each of thoſe ſeries be ſeveral 
I 


multiplied by — . ＋ e. then the ſums of th 
reſulting ere wil (by queſtions-1, 4, and 6.) be N 
. gs rag 


— — 0 


5 
. 
| 


3 23311090 4 2221 f 03 - $7 1 
72 : . : 2 &® 1.10 e 5 1 K ＋ | 
* * 


R ETOS en 29 
15 $55 
3 l FR 
EF | [Eh 
BN — 2 2 x5 . | 
Bat, in eder (by anther proof) waxader the trach of 
this method of 8 quite evident; let us inveſti- 
gate (by queſtion 2. 2) the ſum of the ſeries 
— a=, 3 —.— . 2t—3 
zur 2m 27 2nr 2am 2t 
(=), which exhibits the value of the joint lives required. 
rat das... ee 


——— * rn n; their common differ - 


28 
ences, . . and N and git leres, . 

| ar m + 418 2 
— and =; A th * 

a_ ws; > 2 

90 

1 of ani b — * * "= 

(= ** 1mm den pores $4 


2 


| 2.2.2 ur 3 
1 » © N 81 — 1 1 * 
=_ 4 . 


245 io Or); DX — WIE T7 — 


— 95282 


— Ct fn ER. n+ Lal, 


. aa * 
which, hich, "if we wre lar for 7 ry — and expand 


1 | — 
—.— * = "x e. 


To WAK 6 


— * (Þ K 2 K. 25 . * ” 


plication, ill barem ( K 
— 
| mX 22 —— — — 


Having thus eſtablihed the 
ſcbol. gueſt, 4. big. that whenever the expectations, or 
the ſums Rope the receiving any annuity, 


ure denoted by 1 — ſuch like expreſſ- 
ons, any how ompoutd6d; t, wen the'vn che value of the 


cont et may be dS ET N N DSX fy 
wy 1 2.7" 
2 — * 2 = S dich like-expretions FSI 


166d 4s the foriner ; we z In all foture ſolution take the 
latter, for the values of dach annuities, whoſe gxpeTtati 


. ſams of whoſe probabilities, are expreſſed b 


Rrros iron rx. * 


— 


the former; without repeating either the Argument 


whereon the ſame is founded, qr the proof thereof; be- 
cauſe thereby we ſhall y ſhorten our ations, as 
ſufficiencly appears by the two proceſies, ulgd in the ſo- 
lution of this queſtian, . . 


EXAMPLE, _ 


What is the value of an annuity (ſecured by land) for 


the joint lives of three perſons, aged 43, 54, and 66, al- 
lowing compound intereſt at 4 per cent? | 


Here Þ = 7,674; * = 203 m= 32; / = 43 and 
—= 32030 beck neee * | 


. 
* 


"264 
8 


1 89 0 


ORO IL. I. 

If che two youngeſt lives are equal, then . 
and the value 8 

| | —— 0. 
A- r x =_—= 

or 4 _— , 4 —— 

Hence the value of an annuity (ſecured by land) on 

the joint lives of three perſony, two of which are aged 64. 


Moons allowing intereſt at 4 per cent. will bs 


- cw 


% 
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COROL. u. 


- I hs fo elder Bees er equal, then = = #3 and the 
2i-+n_ 
2 X 7 2 


wing inrc a4 per ant, will be 
4.920. N 


| COROL, 11. 
If the three lives are of equal ages, . 
and the joint lives will became . 4 
And the value of an 


annuity (ſecured by land) for the 
PO NO ang each aged 86 "wil . 


QUESTION x. 


. 
lee land) for 
their joint lives ; which they would fell to D, for, v, a 
number of years leſs than either of their complements; 


on condition, that (if they all ſurvive that ) the an- 
nuity all return to them again : what * * 


N 


60 ur N. — 


—— = 


Dy arguing as before, ee 
preſented by the ſeries — n * 
25—3 2——3 43 
+ — _ * 2 * or ** ras which abt be 
1405 wo” 


Y * 
261 0 


* 


Ber S⁴,ↄ O. 33 


. of the terms of 3 


—— 


V 2 ? 
77 b n 


2m 8 * 


«24 2m $20 = | 


dee, 
a. dy writing vv for * 


5 As com" wh — 


TE indexpunding 8 - 
2m — ; u Ir licati 2 


. 5 © wo O&& = cs 


nee 2 
|" „ 955 SN 
* 5 * Enn 
* g 7 
a NA 4mt | 
av 7 B60 X 99 4/299 = $v=> 3 
7 o We 


* 


e 799 LOOM 


bs, ; — dfanity; for < -certtit 
bl, | if three j int lives how comprmena and 43, 32, 
„ Hee (by we - oÞ = 14 1'w = 103 . 
1 C 4 hs G03 X1 
bl sT e + 


ners : 32443 x PAIR tt 
n 5.4135 K140 2757,89 


WD 5 ο ii. 
741,86 X10 


4-32.43 = 1,348; WOE 3,34 | 
ETD mall be the ralue required. ＋ 
reer n 5 
— — eee ATTY -% 


5 -COROL. © oe 


value required will be | . 
-» — ͥ DD:=:ꝛ— ˖ —ͤ—ę— 


— — ä 


— — — 2 * 
4 


f 2 — yy — FI 
2 2 — * 1 N- N 
23 / . 2 


4 


> 


WW 
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con. 1. 


FF the two elder lives be equal, G a 
E ee n 
n Bide un. ieee 


If the RC bee gere e 
thr u, in the expreſſion given 13 


* — : 2 ne » -0 


S < 


uns T'EON- 1 


To find L. Ni the valueoban a 
CONE NOR, ws ge of two 0 lives ? 


SOLUTION. 


ing as in queſt. 76. vol. 2. if, from the ſam 
2 1 gle lives, er talꝛe the value «ob the 
point lives; he remainder will e th noe 8 


Here N Ee F 


jy | ET . ws — 


And N = Ni —— — 7 
Therefore . f- mM 17 27 


f , 2 Z p 1 * 


Now 2N - N mY XR I _ [246 
Asad let PR 1 a 


bes L, N# = . EN = = 
* C6 The © 


_ the 3d and 8th, are-ſufficient to ſhew, that the exact va- 


the values of the former are rather eafier, than thoſe to 


ee ARA ISO. WL — 


+ land) for the longeſt of two lives, whoſe complements are 


of the annuities, correſponding ©2. thoſe expeRations, i 


will be the value required, 
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The ſolution of this queſtion, and thoſe of queſtions 


lues of annuities {ſecured by land) for combined lives, 
cannot be obtained without a calculation, much more te- 
dious and difficult, than that of the values of ſuch annui- 
ties, not ſo ſecured: and fince the approximations to 


= * and equally near Pure. it bath been 
thought expedient, to give proximations to 
the ian of the fol Swing Juden gere 


5 


To approximate to the value of an annuity (ſecured by 
1, the leſſer, and m the greater? 
| SOLUTION. + . 


of thoſe lives is = +=; and the ſum of the values 


* e 2 24 >. bn 1 N I 

IB + 2. — X a the value of the annuity re- Mer 

h 
EXAMPLE. 


What is the value of an annuity (ſecured by land) for if 
the longeſt of two lives, of the ages 54 and 66, allow- 
ing compoundintereſt at 4 per cent? ; 
y exam. 2. queſt. 1, = 10,757 ; 
1 n 7 3 | 
By exam. 3. queſt, 4. A — 5. * . = 1,397; 

Therefore, 12,154 


Or 


1 3 adi unt 230) 

„ To the value of the life of 54, vis = 10,757 ; 

5 Add the value of the life of 66, vi M = 7,674; 

N And, from the ſum 292 „ 18,431, 

- Take the value of the joint a 3 queſt. 4.) 6.277; 
1 the value required | 12,154- 


COROL. oh Pe 


wil ihe fo lives are equal, then M = N, and 
=»; whence the value of the annui uly required will be. 


- Xx + or} 2 — 1 * 5. 


. HOPE. THe: 163 


—vy— 


QUESTION In. 


Aund I who are poſſeſſed of an annuity (ſecured by land) 
For the longeſt of their two lives, propoſe to ſell the ſame 

o C, ſora number of years, leſs EA (han the com plement of 
ither of their lives; . that if both, or either 
Wor them, ſurvive that period, the annuity ſhall revert to 
hem again; A che value of C's purchaſe ? 5 


SOLUTION. 


Let the complements of the lives of the two annuitants 

e N repreſented by ? and az; and the time for which the 
anuity is ſold by =; then 

g 1 — ſum o * 

| es of annuities for x FR 

years certain, on the *F + *M 


or WS ſingle lives, viz. 
m f — 
b nuĩty, # years cer - 

J, “en their zeit - -* 

lives (queſt. 7.) — 
oe remainder, viz. 4+ MD” 
* be the value ef C' intereſt in be. 
0:88 RX 


» - 


quired will be worth (F + n = * — + 


What the valve of an annuity (ſecured by land) ſell 


f 
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Ax A MP LE. 
5 is the * of an annuity . ecurod — 9 land) 


years certain, if either of two perſons, of 
4s 7, ſhall live ſo long? | 2 
* + is by queſtion 2 * 9 


And uM —— X <(u by gueſt 7 835: 
Therefore, 112,073; 


will be the value required. 


- QUESTION. XIV. 1 


To 'a imate to the value of an annuity (ſecure! 
by land) for the longeſt of three lives, w compls 
ments are u, w, and 7. 

”  _$OLUTION. 


7 By queſt. 109. wel, 2. the expectation of thoſe lives i 
= += + —= 3 and conſequently the annuity 


or 


( n * * 


8 — Ls - 


"EX AM PLE. 


the longeſt.of-three lives, whoſe ages are 43, 54, 
66, —_ compound intereſt at I per cent? 


X 


) 


Here (by queſt. ym 210757 3 + one 710733 


F = 12,9205 


„ * | — == 
ob « 46-0 & ere; and Joy; 


4 — 
Rem”: $029 3 Moy by 


van N nb $469 x . 


(= —27:9253 


255 2,419: 
Laſtly (129 2 22419 =) 15,339 is the 'valoe re- 


ired. 
TOs Or {by proceeding W the rule in * 


80. vol. 2 page 244.) | 


| dib nel 8 (222 = is 


To the value. of the life of ws 2 
Add chat of 54 -t. 10,757. 

And that ß 66 7.673. 

Allochevalueofthe three joins lives ( queſt. 90 5,462, | 

And from their ſum, ____ | 36,91 23 
Take the fum of YAzgand 540 8.662 1-3 


0d. 
the values of the 4 2 d58 Ou 7 6.634. 21, wy 
8 e 6,276 e 8 


COROL. I. 


If the tws younger lives are equal, —＋ and 
mn; — m. 


| 93157 I. 6 
, * —. F * or 
(+12 - = +8. = y 


der 


N JE * = 

And the value of an amivity (ſecured by land) to con- 
tinue as long as either of three perſons (two of whom are 
aged 54, and the other 66) ſhall be alive, allowing com- 
pound intereſt at 4 per cent. will be 14,007. CO- 
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388 COROL, II. 2 


If the two elder lives are equal, then = 
m; whence the value will will be P. an 


"4 


— 


— — 5 | : 


Or 27 67 


l Z * 
has — Tel O82 dee 25. 4 * 


N that is F+P— 2x = 


ad eat 3 ned 4 to con. 
= as . as either of three perſons (two of whom an 
the other 43) ſhall be alive, allowing com- A. 


pra * at 4 per cent. will be 14.478. 


[Vid 2s in 2 C. OR. OL. III. 


0 ene. a — Þ 
and? = ; whence the value of an annuity on the 
longeſt of them will be EW agar} 


LESS: Ppo—_ X — + B —— * 


—— 


1 1 tin 

a eee. 
Therefore the 1 H eie (ſecured by land 
for the longeſt of three lives, each aged 66, "allowing 


compound err will be 11,024. 


SCHOLIUM +4 


The value of an annuity (ſecured by land) to continue | 
as long as any two, of three of given ages, ar 
TI ny "85. 8 2 


2 + - 


Lis m, t, 2 the com ements, and B, W 
F, the values of the lives of 2 the eldeſt, ſecond, and 
youngeſt perſon ; Nai J. > M23. the v3 values of ther il 
joint lives, ao —w at ins; nod NaF the value : 
n 1 2751 Then | 


FE 


u be the value required. 
EXAMPLE Ut. 

What is the value of an annuity (ſecured by land) to 
atinue as long as any two, of three perſons, * 
W, 54, and 43, ſhall be alive? 

1 — m=.32; t= 433 M=29, 0,757 3 


0) 

%; — * = 5,629 3 5,629 * 32 : 180,128; 2— 8 
Ve. —.— X# 2 ( 22 
| 4,468; — _ 4 


Ws x — genen, $990128=1596H7=36.501 


26, 
Fg: = 0,309: therefore (10,757 — 0,309 = 


148, will be the value required. 
COROL. I. 


2 the two younger perſons are of equal ages chen 


. 


. 
IMs ws *— Ws 


ages nr on og * „%% ot, - ro pa 8 * — . 
— * * 


P I 2 1 
% . * 
— — — T— — — — * 8 > * uf . - 
= — * * 21 


i 


— 


— — 
— „„ 23 


— 
— 


— — © —— 
— 2 — 


23 — her 


223 3 
— — 
— 8 — ** 
* 


n (whereof u is the teaft and 7 the 
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- -F nd x —.— 
* wh 
CORO L. 1. 
If the two elder perſons are of 4 OE then 
e rs — oy * 


_ — wn Xx „ Will be the val 


COROL., III. 
—— g9s eo the | 


om 1 I ORG RO 


QUESTION XV. 


A, B, andC, he kt he one} ng 
ing 
felled-of an unnuity, for the f their three lin 
agree with D, to fell him the ſame for v, = number 
years Jefs than either of their upon coriſſ 
tion, that if all, or any af them, be alive at the expi 
fon of that time, the annuity Thall revert to chem „ 
is the value of D's purchaſe? Ss 


SOLUTION. 


Tow + "Þ + A, the values of annuities for 
years certain, on the three ſingle lives (by queſt. 2.) *W 


& z ＋ 2H) — voy 


tt 
+ = * —— the value of an annuity fol 


on — | joint lives (by 3 
n »Þ +2 x v | 


! 


— 


2 
Fo * 3 


| fer {at for the two joitit lives, whoſe 
Mmplements are ſeverally , 6s =, tf; and a, ; the 


mainder, viz. 


Ban + Z = — 3 8 


erect 0 


] be EI += —Y 


| - : 
-Þ BB = | 
T 2M Om af b. 4 


, 7 QUESTION XVI. 
Wt is required to And the ſum of — 


20, 5-2 + TH 


8 ; su. 


4 
4 
1 


-» 

*. "i of 

— —— — — 
— — GS eats. 4 


28—3 2—5 4 3 
3 1 1 60 is dn * =, and the ſun 
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Mr Ann 


SOLUTION. 


By queſt, 106. vol. 2. the ſum of the ſeries —— 


* 


2f —1 — 2t— 
* ene, de 


common differences being ſeverally — —. and — chere 


(by queſt. 2 21. vol 2.)the ſum eee ſerie will 


xi = Xr. * 
Fern 
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QUESTION xvi. 
It is required to find the ſum of v ales he thts 


1—1 2m—I 2t—1 , 2#—- 2m—3 204" 


27 27 232 27 2t 
SOLUTION. 


By — 106. vol. 2. the ſum of v terms of the 
real component aridmetcal progreſſions are as fol. 


r 


* 


MATHEMATICAL 


nee 
nnr, £—4zpwz +177 ta 


Polls an. 0 20 os 
| uz Wwrz 1 

2moazq *paydnaw 1 Il K —— — * * „ 1 

f | r — — — 

Prey ung Fa. 11g 144 | 4 4 T 1 
U rere. 
— — — —H — — —— — 
_ (1 = X 1 + 03 a Zuph 49) ef . 

1 — 3 - 11 
„ Ta ker * > 142 Þ+ > x a. e 


| — —— 
1. ut '7 T N 2 


* X MXX 21a 
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1g 


ung 


* 
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QUESTION 
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QUESTION XVIII 

. — being known; to find uf 
probability of thay life's failing, | in-any like portion of 

Be Jacks the poſit of exiſtence, . 


: es 


1 : | & 'S © L U T 10 N. * 1 4 
Since the probability of the given life's continuing u 
firſt year — therefore the probability of its failiy 


In that time will be(+1- — ER). 
>, N 


. -_ 
1 
— . 
* p 
— —ů— 3 ö 
. 
* 4 
— 


= But if tl 
2—1 1—1 1— 1 , | 
probability is to be found at the beginning of the firſt ye: | 
then & the probability of the life's continuing the wi 


year muſt be muſtiplied into ——the — above found prof 
bility ; becauſe the life's failing, in the ſecond year, of 

on its having ſurvived the firſt; and therefore 

I 4 =)= will be the probability of the lik 


4 NR 8 — 
» * 4 3 


failing in the ſecond year. 
In like manner — X — 2 will ben 
” 8 Ny we 2 1 i 


probability of its failing in the third year, &. 
By reaſoning in the ſame manner, the probability 


the given life's failing, in any half year, will be — 

*— : I 
in avy month, —— or in any 4 Je 0 
eee QUESTION 


; 
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3 XIX. 


that the lives of two perſons, 


| 2 0 in a ſpace 
ie, bein tor to find the 22 
ff them will, within b eee die before the 
cer? 


2 


* 
SOLUTION. | 


Let the complement of the younger life be r3 and 
dat of the elder, #. 


Since the probability of the younger life's failing, in 


== year, month, or day, is —, — I and 


Wat of the elder life's failing, in the like times, is 
, by queſt. 18. Therefore, in any 


; aw, Of 
- TY 05m 
ch interval, the probability of the failing of the 
Wr liſe, is to the probability of the faiiing of the elder 


I I 
E; fe, 145 ＋ Or, as A to. 


Let now ** een of the younger life's failing firſt 
denoted by y; and that of t ace elder, by x. 


Then, as a: : K Therefore x = Ow 


nx 


——, 


But x + y = p, by the queſtion. | 
Therefore x + — = þ z and y + 1 


rin And mr pax = wp 3 andy + my = 
| 1 928 PF... a and y=—X.; 
SI : n 


10 oL, Il. D COROL. 


* 
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If the two lives are of equal ages, then m = x: and 
Th n+n 2n uf * 


1 — — 
QUESTION XX, 


There is an eſtate of 1. per annum, uſually let on if 
leaſe for two lives; of which one is dropped: what fire 
ought to be paid to the leſſor, for filling up the leaſe? if 


Ei ; O R, 


His poſſeſſed of an annuity (ſecured by land) which, * 
upon his deceaſe, is to deſcend to B, if he be then living 4 
for his life only; what is the value of B's intereſt in thi 


. * 1 
. O R. . 
What is the value of the reverſion of an annuity (i nd 
cured by land) for one life, after one ? = 
| 4 
2, * C A'S$SE I. : . 
oa MJ | | Joi 
When the expectant is elder than the poſſeſſor. ; 
Then (putting » and n for the complements, and Þ ap 


M for the values of the lives of the expectant and poll 
ſor) by arguing as in queſt, 94. vol. 2. | 
If from the value of the ex- { B 

peclant's life vi. ep 
We take the value of 5 — 


joint lives of both poſ- 
ſeſſor and expectant 8 * 
The remainder will be N 1 
value of the reverſion + 
CH 


. 0 7 


rr 


EXAMPLE 1. 
If the expe®tant bet be 66, and! the poſſefſor 54. then (by 


1 0 
im. „B = — ; X 21,397 is the va- 
r | 


EXAMPLE II. 


If the expectant be 66, and the poſſeſſor 43 : then (by 
im. 2. queſt, 4.) 1,039, will be che value We | 


EXAMPLE, III. The be 


If the expectant be 54 and the poſſeſſor 43: then (by 
Xam. T. * 4. Z, 95 wilf be the e 


CASE 11. 


When the poſſeſſor is elder than the expeQant, 

W Then put n, », for the complements, and JN, 
| of the values of the 588 ot the r 1 poſleſſor * 
2 
Wrom the value of OO alas 
the expectant's life . 


—————_ 
, FP {0 the remainder, Fa m- Se « = 
ill be the value of the — N 
EX AMP IL E I. 
bel? ] If the expeQant be 54. and the poſleffor 8 1 
5 en m0 57; N=7,673; and 2 | 2 
n | 8 


1397; 
* D 2 T bhere- 
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Therefore (10,7 — 673 39 =) 4481 will be the 
value required. (os : T 1 . 2 


bos EXAMPLE 


"irik e ba 4 and Fee. hk 
Then M=12,920; N=7,673; and 2 == * _ 
Therese AY 6,286 will be 
herefore 12.9207. 67371, 1039D); ave te 
W epi oh | „ 
EXAMPLE m. — 
I the expectant be 43, and the 1 then A or 
=12,920; P=10,757; and N= * ——=2,0; en 


Therefore 1 e $5,095=1958 will be the N thi 
| yep 8 F 


8 Tf the'expeNant and poſſeſſor be of the fame age. ; 
_Then (by writing = for in the firſt caſe) we ſhall hay 


(v1 
(S = po EL for the vale IP 
HEH $55) 15 1 2 10 EL M P L'E, | 1 
If both expeRant and poſleſior be aged 66 ; * 
= = 4,468 (by exam. 2. queſt, ef 
75 7) 25234 will be the valus r | Ab 

10 a SUS Au 3448 b 

= p 3 i I ot MN gr; n 


ul 


.+REPO8T1TORY, 53 


| 


= 7 3 FY 


* , k 4 5 * * 

* * * 1 3 | 1 1 4 Fat 
1114 A 1 - 

QUESTION xx 


= The refpeCtive ages of two perſons, N the elder, and 4 
me younger, being given ; it is required to find the pro- 
bability, that B has of ſurviving J. 


"SOLUTION. 


= Let the complements of the lives of B and 4. be (ſe. 
| verally) denoted by » and m: then the terms of the ſeries 


— —— —.— Kc. will be the ſeveral expedlatl - 
” k . 
ons of the life of B, for the firſt, ſecond, third, &c, years; 
or the probabilities of the continuance of that life, to the 
Jl <xpiration of the whole, or at leaſt of the half of each of 


thoſe years (by queſt. 105. vol. 2.) Alſo _ will be the 


probability of the failing of the life of 4, in the firit 
W year ; that is, of the deceaſe of A, either in the firſt, or in 
WT the ſecond, half of that year. | 
Now, if the expectation of B's life, for the f rſt year 
| [5 —.— be mukiplied by —, the probability of L's 
js 3 LAT : BY WI! (bir. 37 574 nds {41,4 ey "Sx 
Lying in that year; then the product, n wy will 
; 44114 gn II Wo we: 
be che probability of the furvivorſhip's taking plate in 
chat year: for if 4 be ſuppoſe& to die in the firſt half 


rear, then the expectation, — meludes the proba- 


vn bility of B's living, at leaft, to the end of that half year, 
Wy and conſequently of his ſurviving A for that time; and if 
A be ſuppoſed not to die until the Tecond half year, then 
the ſame expectation includes the probability of B's liv- 
ing to the end of the year, and (by that means) of his ſur- 
i ving- 4; for that time alſo. , at 
lfu were. certain that the ſurvivorſhip would take place 
in che firſt year, then this * would N no 
| 3 | far- 


* 


„„ is a COTE 
. * 
* * amg 


—— 


—b — — — « l > 

„ I 8 Y - = 
Po * ä — 
A 


= — 


— 0 - 


„ Hg 


a — cx ___—_— 
— * — —— 
* * Os — — C 4 
CAS ain n 


— 


* — 
— * | Py —— 1 2 „ > III" 
© * _— 5 * Ge hone. vm A ä 
A N * 
— 3 


the I of the furvivorſhip! 's taking place, in the 


as ie proabliy 95 wy ſ nie. 2 
4 "8 3/3 1 BY 1 {TY [z 30 VISAS » 
— ” — 1 * 5 — 


$4 MATHEMATICAL 


farther; but, ſince both the perſons may outlive the ff 
year, we muſt proceed to find the probability of its tak. 
ing place in the ſecond: ; now: the expectation of B's life, W 


forthe ſecond year, i. and the probability that 4, b 
having ſurvived Bo firſt | ſhall die in the ſecond i ; 
(by queſt, 15 == conſequently their product, 


—.— * 2 —. wil (for the ſame reaſons as before) be the 
probability * the ſuryivorſhip's taking place i in the ſecond 1 


ear. | 
4 And, if we continue to argue in the ſame manner, it 


will appear that — x X —, — 2 > — Ec. will be 


third, fourth, &c. years; _ conſequently, that 


(= * 1 911 2 28—5 4 2er 
21 m 27 © mM 2% 


m 22 


probability of B's ſarviying 4. q 
But ſince (by queſt. 105. vol. 2.) the ſum of the ſerie 


nn A . —3 . ? (#) is = 


SER. e ] 


— — — 


2 C 20 Oo | y 2 


term of that ſeries i is above maler“ by the conſtant! fac · 
tot, > it follows, ae Lon 3 =) = = will bene 


"Is and, fince ever [ 


aun TION 18 


The ſame live bein propofed, as Wade 21. it | 
req ired to find the probability, that 4, TI” wa 
of * B, the _ | F E 


If we aſſume m and for their complements of life, 
W then (arguing as before) the terms of the ſeries — | 


2, 2275, cc which expreſs the yearly expeRations 
4 2 2M | 


of Js life,are to be ſeverally multiplied by—, the yearly 
probability of B's dying: but ſince that probability does 
W (by the hypotheſis) become a certainty, at the. expiration 
of- years; it follows, that » terms only of the ſeries re- 


WW falting (viz. = + 23 + —— will "exhibit 
| | 2mNn zun 2 "A 
che value required. . 
= Now, (by queſt. 106. vol. 2.) the ſum of terms ef 
the ſeries, — | —— + = &c. is 
F 21 2M 2m - 


—ů  —— 


— x #; which ſum, being multiplied by the 


conſtant factor. — produces 1 —— —_ for the probabi- 
lity required. 


SCHOLIUM. 


Here it may be remarked, that the ſum of the two 


probabilities of ſurvivorſhip above found, wiz, ——» 75 


and 1 — —— is unity; for it may be eſteemed a cer- . 


8 that one of the two perſons will ſurvive the 
other, 


COROL. 


Hence, if the two lives propoſed be of equal ages, then 
their probabilities of eri will be equal, vix. 


( > 4 aukEs. 


$6 — 


G0. 2 1 


QUESTION. I. . 


1. | to) 21qa} 99? 3 
„e feftin legen uf (cr aw eee which Um fell for = dc: 
— 


pounds, to I, if he be alive at the time of 4 deceaſe MM 
not, then the heirs or aſſigus of B are not to re du 

ceive the benefit thereof; what is the preſeut worth of 

˙= intereſt, in that legacy or eſtate ? 1 


CAS E 1. 
It the be elder than the poſſeſſor::: Ml | 
42 Let = be the complement of the expectant's life, and el 
=_ ' 


that of the poſleſſor ; then (by queſt. 21.) the probability 
of hs receiving the legacy in the firſt, ſecond, third, &c, 


years, ill be, —. — = ihe, and —_ 


22 2nm Zum 


ſequently, the preſent worths of the * — ſo to be re · 

1 * 20—1 22—3 j 
— P, — — R. — 15. ke. in 
each of which, E, is a conſtant factor; and therefore = 
(2 x= — T =) 2, vill | K 


— 


2 * 


be the * worth of B's intereſt i in the eſtate, 


Soppoſe B. Tu 66, is to receive a legacy of twenty 
hve pounds, or an eſtate in fee fimple of L per ann, if 
he ſurvives 2, Who is 54 years of age: what is that ex; 
pectation worth, allowing compound intereſt at 4 pet 
cent ? ; 

Here = 25 N= 7,673; andm= 32; | 
7,073 - 4 25 «OM f 4 % nt 
Th. * * =) 5.595L. will be the value re- 


uired. 
v | Note, 
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Vi, The {ymbol Þ, in the above ſolution mention- 
Wes, denotes the +. * preſent worth of the eſ- 
tate in fee ſimple (of what annual rent ſoever) ſuppoſed to 


; derolte to the Neu on the death of tlie poſſeſſor: 
e 9——45 the ſymbol (in this work) uſed before this 


aueſtiou, denotes the preſent worth of an eſtate of only 
per ann. Therefore theſe tuo values will coincide on- 
Wy in ſuch a caſe, as is propoſed in the above example. 
1 % 728g „ 2 οονο ON ar ,þ7 29M 0's 

|  VEXAMPEE Hl. 

1g 20043 3611 #1 WW F298 F} | ow” | 

W 1f B, aged 66, is to teceive the aforeſaid" legacy, or 
3 * te, if he furyives A, Zsa . * | 
W Then P=25; B=7,673; and m= (86-43=) 43. 


4 
| EXAMPLE III. | 
If B, aged 54, is to receibe the ſane, if he ſurvives 
Aged 43. t „ wi af F1S 59e 
ThenP = 25; R= 10,7575 and m = 433 
e ( =) 6.2546. is d value re 
3 " | N Lr % Fo | 


« 14 


1 
| CASE I. has hard 
W If the expectant be younger than the poſſeſſor; let x 
che complement of the poſſeſſor's life, and m that of 
7 Wc expectant, | N T. 
if Wh Ther, by con g together the arguments in queſt. 


2. and in the firſt caſe of this, it will appear, that 


— 
„ r (1 3 
4 l 2mr ,“Sñm avs T 2mr3 (5). * be the pre- 
e. Int value requietrxd. — ——— 1. 41 
. — Y 
L 49 a + 2mr* " 2m: 3 (n) * (by queſt. 2.) 
if 5 


D 5 equal 
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5 2885 r ty} Zap — 
equal ah =» ol He bug Sm > i —j| 


\ 1 44 ri ng 4% L ogg: MN; 
e 
| PIT w7 ©; . 4 


05 "DP: Th 


tC ans « 19 -4310%1 nig 2b en *,. le 
_— POMPEY. _ 
eds 3 icon Ae 1 
'$appole B, aged 54, is to receive a iy of 250 = 
or an eſtate is fee; ſimple of „ per ann. if e furvial = 
A, who is 66 years of ; age; —3 is that expectatia . 
worth, allowing compound intereſt at 4 per cent? 
Here P = 25 r 4by queſt- 2 and a fi 
205. 
— (+25--v 9.9 Fa be the vii 
lue required. 8 , 
41174 f P 
Kea A 1 1 1 Il 
19,398) unde 20; | 
15.54 will be the vi , 
| 1 f u. 5 
If B, aged 43, is to receive the ſame, if he ſurvin 
A, aged 54. 
Hee Y * n= 12,576 and a 2 i i 
Th. — =) 9.827. vill. e the vil 
92 1 
' I 


s cn 
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$CHOLIUM. 


By queſtion 22. the ſum of the probabilities of the 
younger Nife's ſurviving the elder; "viz. the ſum of the 
ſeries —_ 9 — * — („) appeared to be 


wy any y 


1. and thy. caſe 2. of this) the ſum of the 
win 252 + BSE bl SS a) n. hers: 


Zr 2mr Zur 


fore, in all eaſes, wherein the ſum of the probabilities of 


ſaryivartip i is denoted by the denen 1— — 


or one amilar thereto, we may write, ——— for the 
preſent value of 45 depundent on that probab lity. 


CASE III. 


If the poſT:for and expectant are of equal ages, 
Then W n for their_common — the 


2N-— — — (a) * 


NP 


EXAMPLE. 


Suppoſe both poſſeſſor and expectant, to be aged 66, 
the eſtate and rate of intereſt being as before. 
Then B = : 710735 ÞP = 25; and n= 20; 


Whence —— 7:0 — = =, 9,591 Will be the value 
required, 


D 6  COROL 


_ * 


D r ae Mi. To. 


4 erer 4,» p 
—— Tn ted FH TOS .. Alli... A At 
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7 
. | 


then the utmoſt that can be advancedto him thereon; Will 

be the above found value of his intereſt therein, in which 

caſe he ſells his whole expectation; but if he borrows a 

leſſer ſum, then the 25th queſtion naturally arifes. | 
| -  $CHO-L1UM. 


bas 09 0 SO een 5d: avon 
1 che eg peclant ſhould, during the life of the poſſeſſor, | 
want to borrow a ſum of: money, on his Intereſt in j 
the eſtate ot legacy, on the above ſurvivorſtip; W 


m_ 


— 


2 
* 
» 

* 


16, reader will obſerve, that there is a ver) erg er- 
aun between the two bran wh $6 urvivor- * 
ſhips,. propoſed in queſtions 20 and 233 in the former 
the expectant is (for the time which he ſurvives the poſ · 
ſeſlor] to receive divers annual ſums; whereas, in the 
latter, he is to receive on the death of the poſſeſſor only 
one groſs ſum or legacy: or thus, in the former caſe, 
the expectant is (at the death of the poſſeſſor) to enjoy an 
annvity for the remainder of his life, which . annuity will 
be of different values, according to the age at which he 
ſhall-happen to come into poſſeſſion ;. whereas in the latter, 
{if he furvives the poſſeſior) he and his heirs are to enjoy 
an annuity for ever; which perpetuity will, therefore, be 
of the ſame value, at any time, when it may come into 
his poſſeſſion. 

For this reaſon, therefore, they are calculated in man- 
ners ſo different; viz, the former caſe depends on the ſo- * 
lution of (queſt. 94. vol. 2.) wherein the probabilities of 
the poſſeſſor's dying, before the expiration of one, two, * 
3, &c-years, are ſexerally multiplied into the probabilities He 
of the expeQant's living, to the end of thoſe years; and 
therefore the probabilities of receiving a 22 of the 
annuity in the ſecond year, doth not depend on the not hav- 
5 ing received it in the firſt; but in the ſecond caſe the pro- 
1 bability of the poſſeſſor's dying in ar y one year, is con- 
1 flanily multiphed into the other's expectation of life, for 
the firſt, ſecond, third, &c. years; which conſtant pro- 
bability will (by queſt, 18.) appear, in the ſecond year, 
| 0 
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© ſuppoſe the — ; hav riog-furyived the firſt; __ 
Whaſcquently, the probability of receiving the le 
e ſecond year, 2 ſin this — entirely depend 
de not having received it in the firſt. 
This may. ſerve to-account for a fimilar difference in 
e manner of cal ee N 
1 * par a _ 


— 


10113" 


r _— 


1 1 
„ 1 
— R — — 


| QUESTION. XXIV.- 
g s (in 1 


ing as in the laſt queſſion, 3 „ 

4 dies before him) Iefe the legacy, or eſtate, 

Worth P pounds) to C and his heirs; what is the pre- 
6 it e their intereſt in that reverſion ? 


SOLUTION. 


If B had no intereſt in the legacy, or eſtate, F os * 
heirs, would be entituled to the ſame, immediately * 
the death of 4: if, therefore, from the value of the 
erſivn of the Tegacy or eſtate, after the life of 4. 
re be taken the intereſt of B therein; the remainder 
ll be the value of the expectation of C or his heir. 


CASE I. þ 


If B, che expectant, be elder than 4, the poſſeſſor, Let 25 
*. repreſent the complements of their lives; and N, 
che values of annuities for them. Then (by queſtion 
vol. 2.) the preſent value of 10. to be received on 


death of A will be 1 —7 i X MN; whence the va- 
of the legacy, or eſtate in queſtion will be 


iX MN . and (by caſe 1. queſtion 23) ING 
preſent value of B's intereſt therein i is ; there- 


re the preſent value of the intereſt of 0 and his 
Wis, therein will be 


q 
J 
: 
4 
N 
5 
; 
6 
. 


1— 2 


%- 4 1 o <-> . = * 
* — — e 
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Fier YP — 


I-r-1x Mx P- Dor n- x 9 


i 
* 
5 

—" 
* 

44 


th. as 


enn 
CY dd . 


| EXAMPLE. © © 
Suppoſe A and B to be aged 54 and 66; intereſl u 


per cent. and the legacy 280. 
_ Then IB = 10,757; ue 7,073; m = 932; r=| 
= 0,04; and P = 25: now 10,757 X 6,04'=,43o! 


1 * 1 
, * E "_ 1 . * 
N 
. 


32 | 
And 1 —0,430 —0,240=0,330; theref. (25 x, o, 330 
8, 25 will be the value — , ö 


CASE II. 


If B, the expectant, be younger than 4, the poſſeſiſ t 
Let m repreſent the complement of the expectant, a 
» that of the poſleſlor. N 
Alſo let N 2 thevalue of an annuity for the pi 
ſeſſor's life, and M that of an annuity for » years, WM 
the expeQant lives fo * i | 
Then (by queſt. 89. vol, 2.) the value of P pound 
be received at the death of the poſſeſſor, will be 


1—7=1 x Þ x P; and (by caſe 2. queſt. 23.) iii 
value of B's intereſt in the legacy or eſtate, will WP" 


4 


PM, therefore ( I „NY 2D, I . 


1— r- iX — — X P will be the value n 1 
quired, ; 


EXAMPLE. 


Suppoſe A and B, to be aged 66 and 54; intereſts \ | 
per cent, and the legacy 25. I 
0,04; and P = 25. 


nnn ! 
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Now 7,673 X 9,04, ©»,396923 4; 2 2 = , 4995; 


And 1 — 0,307 — 0,500 = = 33 Therefore 
25 X 0,193 MA TN will be the value hw 


nr E III. 


I the expectant ot the ſame age 
Then (putting, — s for — ement and D oe, the va- 


of life eie! ——15 m2 x P wil 


5 


Suppoſe A and B to be each 66 years of age; intereſt 
it. 4 per cent. and the legacy 25 pounds, 
Then N = 7,073; # = 20; r — 1 = 0,04; and P 


25h. 
GE = 
Then 7,673X0,04=,30692 ; —— = o, 383653 


And 1—0, 307 —0,384=0,309 ; Th. (o, zog x 25 ) 
7,725 will be the value required. 
As the valoes of the reverſion of an eſtate or legacy, 


pependent on the failure of any of the ſuryivorſhips here- 


er calculated, may be obtained, by arguing in the 
ame manner as in this queſtion, no more inſtances there- 
e inſerted in this work. 


——_ 


— 


QUESTION XXV. 


(who js entituled to a legacy of or an eſtate worth P 
pounds, if he ſurvives the death of 4) would borrow a 


| at an of money of C upon the credit thereof; on condition 
bat if he, B dies before 4, then C ſhall entirely loſe his 


74 what ſum ought O to receive on the death of A, 


B be then living, for every pound now lent ? 
* SOLU. 


* 
— — -- — — SR” n e l — . 1 þ n r r W Fac! * 4 
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SOLUTION. 

since Ci to loſe the ſum lent, unleſ N ſurvives 4% 

it is plain, n a ſun 
of money, dependen on that ſurvivor 3 . . 
values of which, in the three poſhble caſes, were com. 
puted in queſtion XXIII; if, therefore, equations be ſer: 
rally made between unity, or one * the preſent 1 
worth given in the queſtion, and the reſults of thok 1 
caſes; then the values of P, (the ſam receivable whe 
the ſurviyorſhip takes place) being found, , by, reducing 
thoſe equations, will be the anſwers.” __ .. .- ip 


CAS E I. 

If the expeclant be elder than the poſſeſſor. _ 

Let x be the complement of the poſſeſſor, and n thei 

value of an annuity (ſecured by land) for the expeQan''il 

life. +45 | 4 
Fo 7:7 PR: -; +3. 08 -:>FeL 785442. | 
Then 1 == e „ ieee 5 


„%W5W5 % - ,. + 4 RAT 
What ſum ought Co receive at the death of A. aged 3% 
for every pound lent, on the contingency that B, (who 


is 66) ſhall/ſarvive 1 D194 2 2 6 94 Þv x | 
Here m = 32; and N = 7,673; therefore P = 


( 7 ==) 4,171 will be the ſum required. 


"EXAMPLE II. 


If the expectant be 66, and the 1 43 years dd. 
Tdem = 43 "and B'= "7,675 ;* therefore P 


(==) 5,604 will be the ſum required. 


5 — . * 
„ 
, o 
- 
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EX AMP LE HI. 
W If the erpedant be 5 4, and. the poſſaſſpr 43 years. ld. 
5 | AP 5.86 5448:55).1433 - and N 1067975 1: 


og (ae dan, i b. as e 


111 997 


CASE II. 


itte erpechnt be younger than the polſſſo: 
1 Let be the complement of the poſſeſſor's in ih” 
WM be the value of an annuity (ſecured by 


rs certain, if the expectant live ſo long, found by 
i. 3. 


"EXAMPLE I. 


1157 the expectant be 4, and the poſſeſſot 66 years of 
age. 39's = 203 2 f therefore 


= —=) 2,022 will be the ſum required. 


EXAMPLE u. ; 
F the expeftant be 43 and the poſleſſor 66 years of | 
ere # = 20; and mn = 10,838; therefore | 


| I =) 1,846 will be the ſum required. 


3 EXAMPLE III. 
= Sr expeBtant be 43 and the poſleſſor , 54 years of 
3 om » = 432; and 2 12,578 therefore | 


875 =) 2,544 will be the ſum required. 
CASE 


land) for * 


r WW, 


; 
| 


_  — T — 


* - * * 
* 
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CASE III. 


If the expeRtant and poſſeſſor are of the ſame 2 | 
Let „ be the complement and N the value of -x ann 


ity (ſecured by land) for a life of that age, vv 
4 =” 25 . 1 4 
Then 1 = _ whence 3 P. 
| EXAMPLE. - 
If the perſons are each aged 66. 1622 5 
Then n = 20; and P = 7,673; Therefore : j : 
=2,607 will be the ſum required. Www 


The ſame method of pioceeding will give the ſun 
money Which ovght to be received for 1. lent; vi 
the repayment depends on any other kind of ſurvivorkif 


QUESTION XXVI. 
Things being as in the laſt queſtion, if (inſtead of i 


ceiving a ſum of money on the deceaſe of 4) C ſho 
chuſe an annuity for the remainder of 's life, to co 
ence at the deceaſe of 4; it is required to deten 


iy 
j 


ow much per annum he ſhould receive for every pou — 
now lent. | 
SOLUTION. 

Here it is evident that C purchaſes the reverſion fu 
annuity for B's life after the deceaſe of A; the value he 
which in all the poſſible caſes will (if x be put to ref 
ſent the annual payment) be found by queſtion 20. Muir. 


therefore equations be ſeverally made between urity, 
1 pound, the given preſent worth of ſuch annuity ; "ſ 
the reſults of thoſe caſes; then the values of x WM 


found, by reducing thoſe equations, will be 2 wy | 
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; When the expeRtant'is elder than the poſſeſſor. 1 


EXAMPLE. 


& If the 8 be 66, and the poſſeſſor 54. 
Ar ben the reverſion of an Ny of 10. is (per ex. 1. 


I . queſt. 20) 1,397; and (— =) 0,716 will 
3 1, 397 ; R664445 

the annual payment required. 
CET 


ben the poſſeſſor is elder than the expeRant; 
an- nA * Rx * * 


"BM. 1 


e * * * 


1 


— — 


EXAMPLE. 


WP the expectant be 54, and the poſſeſſor 66. 
WT ben ( , 7 =) W will be the annual payment 


1 


CASE 


3 5 
my wide” af ' oof Sh — . # 4 
* — Pn * PW . * > — 
pe . > 8 * — ho 
© ewe. ce 8 44s : 4 
| | IE 4 


— * 


— 


< 3” > 


— 
* — — Oe 
3 70 ann $5 eo Sg 


be then alive) and to continue as long as B ſhall po 
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| CASE IL [ 

_ When che poſſeſler aud expectunt are of the ſame wil 
n Th. «== 7 1 
E a 7 


EXAMPLE. 


Ik both e and poſſeſſor be aged 6. 
Then —=) 0,448 will be the annual paym 


required. | 
The fame method of — will give the ann 
yment, which ought to be made in conſequence off 

fene nding of 1/. when the commence ment of ſuch ji 

ments _ on any other kind of reverfion. A. 


| av) ESTIO K* xxy1." * 
| B lobe will become polleſied for life of a conddenl B 
eſtate, if he ſurvives 4, the preſent poſſeſſor) would þ = 
row of C a ſum of money upon the credit. thereof : er 
it is agreed between them, that C ſhall be, re 


ſum (ſo borrowed) by a unnuity (ſecured on the lu 
for his (C's) life, to commence on the deceaſe of 4 7 1 


the eſtate; that is, as lorg as B ſhall live: what 'lſ 


ought C to lend, in conſideration of the reverſion 1 
N of 1 Ihe a eme ? 


OR. 


What i 1s the value of the reverſion of an annuity a 
ed by land) for the j joint lives on B and C, after the 
ccaſe of F? * | 


- y 
on No 
. * 


sol 


* 
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* 
— 


SOLUTION. 


y the ſolution of queſt. 95. vol. 2. fol. 293; if from 
raue of the joint lives of the two expectants, be tak- 
the value of the three joint lives ; the remainder will 
the value of the"reverſion. en 


CASE 1. 


W When the poſſeſſor is younger than the expectants. 
let be the complement of the poſſeſſor's life; and 
WT thoſe of the expectants; and B the value of the ſingle 
whoſe complement, , is the leaſt. 40 


rien (by queſt. 4) B — B — — x wi 
| en (by queſt. 4.) N N 3 33 will be 
of 


value of the joint lives of the two expeRtants ; 


And (by queſt. 9.) -- _ x * TY 2 * 1 


ill be the value of the three joint lires 


| Therefore, (BP —— * 2 _ 1 or ) 


WS — — x 1 — — x — will be the value of the 
; b 6 2m 2t it 9d #4. 935504 
7 | rerſion required, 
1 | "BXAMPLE.- wt 
1 * 0 „eit igt. 
* If the | poſſeſſor be 43, and the expectants 54 and 66. 
ea = 43. „ = 32; 2 = 20; N= 74673; and 
of _- 20c: alſo — 2 — = 

LY nk one 1 2& 32 | 16. 
Now from N = 5,673; and from 1 = 45; 

N * | = 

be * — 


Remains 4,468: 


= 


o MATHEMATICAL 


11 "FRY 
Then (4,468 x 2 r 9,714 will be ths 
value required. 
C O R O L. I. g 


eg . 2 bil 2 
If the expectants are of equal ages; then »: = », 


whence 1 <= i={=) 5: and the value of 


— — — 


the reverſion will become N — — * 


* 

7 ＋ 
'COROL-. I. 

If the three perſons are of equal ages ; then 


— 4j/ 


—— 


and the value of the reverſion will become N — x 1 
- 


| CASE II. | | 
When the expectants are one elder, and the other ill 
younger than the poſſeſſor. | 


Let n be the complement of the poſſeſſor's life ; / and 
v thoſe of the expectants; and The value of the fing 
life, whoſe complement » is the leaft. | 


a R : * f 5 

Then from, — * the joint lives a 
nts ' WS: i 

the expectants . ee eee e 


| Take, Þ— n —— * 22 + _ _ 


the three joint lives; 


And the remainder ( — or | L. 
in or 2m 4mt th 
N — * 1 2 * — will be che value of tht 1 "gl 


9 -: a” 
reverſion required. | 


& 


EXAMPLEM 


REPOSITORY. 


A 
— 


te EXAMPLE. 

If the poſſeſſor be 54 ; and the expectants 43 and 66, 
en =43; 2 =32; 2 20; and Þ — =. — 
* 1} Lo. — 67 

468 (as in the example to caſe 1. 3H = 
od 4 ale ple o caſe 1. = 7 

2 nd (It — = 33, 
3 43 43 
33 20 =) ; 
Whence [4,468 & 2 x —— = } 1,072, will be 
(44 * 43. _ 2,32 725 


Whe value of the reverſion required. 


c ORO l. 1 


If the younger expectant be of the ſame age with the 
Poſſeſſor; then : ; and the value of the reverſion 


8 


— 


* 


e jill become n — — — 4 


, r 2 28 
COROL. II. 


lf the elder expectant be of the ſame age with the poſ- 
for; then „ = n; - whence the value of the re- 


— — — 


J vill become R- . x 1 = Sb 


CASE III 


When the poſſeſſor is elder than the expeRan's. 

Let n be the complement of the poſſeſſor's life, ? and 
thoſe of the poſſeſſors; JN, and N the values of the 
Wngle lives, whoſe complements are m and v. 


Then 


5 MATHEMATICAL 


Then from, M — MM — * 25 the joint lives. 
the expeQants ; | 0 
: ; 3 * * n a. 

Derr 
the three joint lives; and the Remainder will be tf 
anſwer. 

But here, fince there is no common factor in both er. 
preflions ; the joint lives of the two expectants, and He. 
three joint lives, muſt be ſeparately computed ; and theſe 

difference found by ſubtræction. 


EXAMPLE. 


If the poſſeſſor be 66, and the expectants 43 and 5 Mot 
Then (by exam. 1. queſt. 4.) the —_ + 6 e. 
joint lives of the expectants 0. 
And (by queſt. q) the three joint lives = 5, 562; | 
Thb. the value of the reverſion will be 3,100, 


: COROL. 


If the expectants are of equal ages; then / = m; th 
joint lives of the expectants will become M - 


* — x E; and the three joint lives 
at #24 


- αν HS) BP 


\ 


V 
L 
5 

| 


=. 
* 
| (7 
ves 
« 
; 
* 


T 


_ 


P — — * — 2 X —; but theſe values muſt i 
before) be ſeparately computed ; and their difference wil 
be the anſwer. * 


QUEST10N 


/ 
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QUESTION XXVII. 0 


There is an eſtate of 10. per ann. uſually let on a leaſe 
or three lives 3 of which two are already fallen: What 


— - 
* 
14 


1 


leale? - 
-.0 R, 
What is the value of the reverſion of an annuity (ſecur- 


| by land) for the longeſt of two lives; after the deceaſe 
ff one? 


er. 
Wm 
beef 
SOLUTION. 


By the ſolution of queſt; 97. vol. 2. fol. 308 ; if, from 
Te value of the longeſt of three lives the value of the 
54 b Wolleſlor's life be taken, the remainder will be the value 
f the een 


CASE I. | 
When'the poſſeſſor is younger than the expectants. 


ti 


ves, Whoſe complements are . . and n. 


Then, from F + W — 5 * 2 + 


N 
; 
— 


t (all 
X or | 


* 


br gar --.: i 
— 25 un 13 - 
WW * or 2 * (741, 

he anſwer. 


Vor. III. B COROLi 


2 


fine ought to be paid to the leſſor, for illing up the 


Let the complement of the poſſeſſor's life be denoted by 
; and thoſe of the expeRtavts by n and ; and let F, 
Mt and N be ſeverally the values of annuities on thole | 


2 — * che value of the longeſt of the thres 
Wives (by qu 14.) take F the value — : 


Ps life; and the remainder 1 x * 2 = + 


74 MATHEMATICAL 

If the expectants are of equal ages: then m = , and 
als ac; * 

gh; whence (2 — Xt + — X — or 
or 2 2t 


— 


EF: bs. * 
P=— 3 will be the anſwer. 


COR OL. II. 


If the three lives are of equal ages; then 


BN, — X ã will be the value of the reverſion required 


CASE II. 


When the nts are one elder, and the other 


younger, than the poſſeſſor. | 
Then (changing the ſymbols, as in caſe 2. queſt, 27, 
and proceeding as before.) | 


, 
Fr 
will be the value of the reyerfion required. 


COROL. I. 


If the younger expectant be of the ſame age with the 
poſſeſſor: then F — M. and : — Mm; | whence, 


"> — law un 1 | 
— * 1 * e will be the va 


CORO LI 


If the elder. expectant be of the ſame age with. the poſ- 
ſeſſor; then Þ = N, and »= », whence 


40409 (1 
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- N+ N— 7 x —>vill betheraluerequired., 


CASE II. 


) When the poſſeſſor is elder than the expectants. 
Then (uſing the ſymbols as in caſe 3. queſt. 27. and 


oceeding as before) x M Id — 5 3 Uh 
—— Vill be the value of the reuer- 
6r 4 f 10 
dn required. | —— 
d, . 
C ORO L. 


2 —— 


y When the expeCtants are of equal ages; then F = M, 


er Wd + = whence M - a — X+- 1 


: 
7. . 22 — X — Will be the value required. 
: or * 


i —— 


QUESTION XXIX 


There is an eftate of 1 L. per annum, uſually let on 
leaſe for three lives; of which one is dropt; what fine 
ent to be paid to the leſſor, for filling up the leaſe? 


OR, 5 
What is che value of the reverſion of an annuity (ſecur- 
A by land) for- one life, after the longeſt of two lives? 
| SOLUTION: 


y the ſolution of queſt. 101. vol. 2. fol. 318. if, from 
value of the longeſt of the three lives, the value of the 
| 52 E 2 longeſt 


- 
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i lopgeſt of the two poſſeſſors lives be taken; the remaind'F 
* er will be the value of the reverſion; 
| CASE I. | 
1 When the expectant is elder than the poſſeſſors. the 
3 Let u repreſent the complement of the expeCtant, ,, 
il thoſe of the poſſeſſors; and N, M. F, the values of th 
1 ungle lives, whoſe —— are r n, 1. 
i rig. ER | 
4 ee 1 f 
3 N - — x — doe value of the longeſt of the 3 Ha 
WW Fn 
* we take F + M — — * 2 — — the value of the oy 
1 eſt of the — lives; the remainder, W. 
Wn, P — — Xx —, will be the value of the reverſion n 
„ 8 G uw W Th 
quired. 
EXAMPLE. Or) 
If the two poſſeſſors are of the ages 43 and 54, and ui 
expeQant 66. . 
Then N — 9 — =4,468; and (4,468 x « — . — D : 
+32 +43 
©,325, will be the value of the reverſion 3 [ 
WE: 843 
COROL. I. : Thi 
I the poſſeſſors are of equal ages, 3 | 
n vn n T Rt 
— "ns — X — OF — i | + 
Then aread (lh 6 * E — * 7 5 


will be the value of the reverſion required. 


CORO 
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COROL. II. 
If the 3 perſons are of equal ages; then ?==-»=n; and 


the value of the reverſion will become * —. | 
* 4 


mM, t, ; 
IJ CASE 1. 
When the poſfeſſors are, the one elder, and the other 
younger than the expectant. 


Here m will repreſent the complement of the expeNant, 


vo: and ? thoſe of the  poſſeflors. 


Then, if from K. N ox Eb Bn nt 
one. At or amt 

we take 1 
. or. 2 

1 2 4 m 1 2 2 _ 

W age 5 5 amt 

43 „„ 

bu * 3 4 5 3 


EXAMPLE, 


lf the expectant is 54 years old; the poſſeſſors being 
WT 43 and 66. 


Y Then M— = = — 5.6293 „e — — 


6 =) i ; And * = 18: 


rden (5,629 x - 85 — „ 2 X —— =) 1,381 
| : will be the Wes, 8 
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GCOROL. I. 


If the elder poſſeſſor and expectant are of the ſame apt 
Then =», and M = ; whence the value of 
reverſion will become 


33 1 

br 2t 6r 2n 27 
That is * 
2 3 
2 or . 2 a 


COR O I. II. L 

F If the younger poſleſſor and expectant are of the ſan : 

| Shen n; and the value of the reverſion \ will becom . 
4 — — X — =N= — x = — x — 
Ot u -- * 2 x — 

CASE Ul Y 


When the expectant is younger than the poſſeſſors, 

Let / be the complement of the expectant; mx, , thi 
of the Poſſeſſors; and F, , N, the values of the ſing 
lives, whoſe complements are r, , u. 


þ 


Then from the value of the longeſt of the three lives, : F 
wes m m 1 g 
— — — X —— 3 — — 3 il, 3 
F + M ＋ 75 hos X 7 take $ 


value of the longeſt of the two poſſeſſor's lives, viz. 


M —— X — and the remainder 
r 2MN 


—_— 


_— 
— 
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„- E -- 


will be the value of the reverſion required. 


EXAMPLE. 


If the two lr are of the ages 54 and 66, and the 


expectant 43. 
Then * —_ 12,9203 = = = 10,7573 N=7.673; A 20 
88 


n=32; 43 M Wo = =5,629; 2— — =4468; 


43 2t 

Tb. (12,920 — 10,757 + 5,629 * FF — 4468 X Þ} 
XN =) 3,187 wül be the value of the reverſion re- 
quired. 

oo R O0 L. 


oſſeſſors are of equal ages. 
=P and r=n; whence the value of the re- 


If the 8 


. — Dene, un 


Tharis N — . x == | + 


— _- — — Aa. A £5 
— ._—_ — co 3 hd ” 


QUESTION XXX. 


A will be entituled to an annuity (ſecured by land). for 
the remainder of his life, after the deceaſe of B. if B ſur- 
Vives C, the preſetit poſſeſſor thereof; but if B dies be- 

E 4 fore 


So MaATHEMATICAL 


fore C, then the annuity will (upon C's deceaſe) deſcend 4 
to D, a perſon of the ſame age with 4; the reſpeclive in. 7 
tereſts of 4 and D, in that annuity, are required. Va 


= = — 
nn ——_—— — — o 4 
—— 2 - * 
2 As 
- 2 _ 
— 


5 
— x —_— 
— yo 
* — md nd n on 
Þ 4 — 2 bÞ 
— 14 2 W 
- 
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SOLUTION. 10 


— 


Since A and D are of equal ages; they are, between vc 
them, entituled to the reverſion of an annuity, for one 
life of that age, after the longeſt of the two lives of es 
and C: and conſequently, the value thereof being found, mi 
it is farther required to divide that reverſion, properly cat 
between them. _ 
Now the probabilities, that either one, or the other, of 
them will receive a payment in the firſt, ſecond, third, 
Oc. year, are (by queſt. 101. vol. 2.) the continua 


_ 4 ” 
S wy — — — 
— —_ 
2 . * 
2 8 


products of the two probabilities of the dying of B and C, 8 7* 
and the probability of the ſurviving of a perſon of the 
age of A, taken ſucceſſively for thoſe times. h 

Now if and u repreſent the reſpective complements ” 
of the lives of B and C; and p repreſents the probability Wl — 
of their being both extinct, at the end of one, two, or WE 
three years; then (by queſt. 19.) _— will exhibit the : ter 
probability that the elder will within thoſe times die be- 
fore the younger; and Is the probability that the I th: 
younger willſo diebefore the elder; and theſe factor. 2 


m1 
and — being to be applied to every probability, they 


will be conſtant factors, in every term of the ſeries, which 
expreſſes the required probabilities. 

If therefore the value of the reverſion of an annuity, 
for the life of A, after the longeſt of the lives of B and 


C, be multiplied by — the product will (when C 1s 


| „ u | 
elder than B) be the value of A's intereſt, in the annuity; 
and if the value of the ſame reverſion, be multiplied by 

> 1 


| 
T 


lue 


— 


(N 


s 
5 
FT 
| 
45 
F; 
| 
z 
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end . the product will (upon the ſame ſuppoſition) be the 


value of D's intereſt therein. . | 
But, for as much as 4 and D are ſuppoſed to be of 
equal ages, the queſtion will not be altered by ſuppoſing 
them to be but one perſon ; and that the diverſity conſiſts, 
in that perſon's Intereſt, depending on the different ſurvi- 
cet yorſhips of the elder, or the younger of the poſſeſſor's. 

one If 4, B, and C, repreſent the names of, the young. 
e, ſecond, and eldeſt perſon, then the queſtion will ad- 


ne, mit of the following varieties, applicable to the three 
rl i caſes given in the laſt queſlion. ws 

of CASE I. 

c the eldeſt, is the expeQtant ; B and 4, the two 


CY younger, being poſſeſſors; then, 
he  Firit, if C's expectation depends upon L's ſurviving B; 


re 7 un 
h ( — - I —_ — X Or ) 
18 t+m. N Or 4 


nts 

10 1 In ü 

or _ — * — Mill be the value of his in- 

h or 7 =Y 2; X 4M 

WS tercft in the reverſion. 

e. Secondly, if it depends upon B's ſurviving 4; 

1 8 2 ) 

he ny x N * X = or 

4 1 vn . | 

= R — —_ 1 will be that value. 
tp: X4t 


COROL.-L: 
If the poſſeſſors are of equal ages; then rn, and both: 


— and 2 „will be equal to ; wherce the va- 
t+m 


lue of C's intereſt in the reverſion will be 


i 2 *. eee 3 SWD 1 13 i » nl Ae I" Fe 5 AE e 
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1 3. 
—_— bs 82 — w__ a . * 2 934 4 _ * 
* = 1 on m—_ _ o 1 * — * "+ —= — = 
> — * WE T 3 * x ru b F —- 3 * © - — E I _ Y = SJ * = _— . 
b . —— 3 . g — * 8 — > 
\ "= _—_ a 7 i . — — ye AP — — OB — * — . — — I — 4 
T 2 . _ 4 . 4 a; 1 » hy \ L 4 A - SI by 29 ; INC — * = <= Se 4 „ _ - - 4 — IT - — a = — 0 
* 8 N = AY -—— — os d «£ _ | * - Z » LF Q „ 9 1 9 RR f ry * o 2 
- — p — _ — — GI — ä „ — I 4 . 0 - F 2 * == 7 E TY N = 1 bs 
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MATHEMATICAL 


COROL. 11. 


CASE I. 


When the poſſeſſors are C, who is elder, and A, who 
1s younger, than B the expectant; then 


wed if B's expectation depends upon 41 ſurviving 


ut 


'ST JEU L, 


49 
— — — 
mu 


ME 


r K 


—_— 


49 
— — 
it 


— 


* 


2 
= 


2 1 
* * 


40 E X 
_—_— 5 


WT 
u 


* 


* XAuN＋ 


nnn... 
— 


If the three perſons are of equal ages; then the value 
required will be N == x J. 


| —_— 


+> 


1 
49 
_ 


REPOSLIT ORT. 33 


EXAMPLE. 


There is a copyhold eftate held on the lives of two 
perſons ; C the father in poſſeſſion, and A the ſon in ex- 
pectation, of the ages 66 and 43; A has a wife, B, aged 
54, who by the cuſtom of the manor, will have her life 
in the premiſes, if her huſband comes into poſſeſſion, and 
ſhe ſurvives him : what is the preſent value of her intereſt 
in the eſtate ? | ne 

By the example to caſe 2. queſt. 29, the value of the 
reverſion of an annuity for a life of 54, after the longeſt 
liver of two perſons, of the ages 43 and 66, is 1,381; 

n * 
; Mor * 1 therefore (1,381 X 12 =) 0,942 
vill be the value required. TY 
Y _ , If B's expectation depends upon C's ſur7iving 
4. then g 


| will be the value thereof, 
EXAMPLE, 
The ſame caſe being propoſed, as in the laſt example, 


W if (inftead of B's being the wife of the ſon, 4) the be 
, | E 6 the 


8 MATHEMATICAL 


the ſecond wife of the father C; then, the value of her 
intereſt in the eſtate will be found, by multiplying 
(1,38+) the value of the reverſion of the annuity for ; 
life of 54, after the longeſt liver of two perſons, aged 


43 and 66, by (—— =) ==: which produR (via 


) is equal to 0,439 ; 


1,381 X 15 

And. if (o, 94 2) the reſult in the former example be 
added to (0,439) the reſult in this; the ſum (1,381) wil 
be the value of the whole reverſion. 


COROL. I. 


If the elder poſſeſſor C, and the expectant B, are of the WY -. 
ſame age; then „ =», and Þ = . whence, 3 | 
© Firſt, if the expectation depends upon 4's ſurviving c 


then (R . 9 H 


n 
ry 1 


* 


--will be the value thereof. 
| Secondly, if it depends upon C's ſurviving £; then 
BCMDw__m - 


7 * 
(2 Xn—1l—ZXnxX mm * 


t+nX2t 


. f 


co RO L. IL. 


If the younger poſſeſſor 4, and the expectant B, at 
ei the ſame age; tn; Whence Be 11 


Tief. 


G 


= 
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Firft, if the expeRtation depends upon A's ſurviving C; 


hen W — — X m— 2 — TY Is 
1122 x mA 2 
| Amn 
in be the value thereof. 
Secondly, if it depends upon C's ſurviving 4; then 
ES. 
| 1 X — X m 2 = P E ” * 
— [́.— m- X22 
X 9 X 2 
2m 
3 be the wales seek. 
CA 8 E III. 


When the expectant 4 i is younger than the poſſeſſors B, 
Ind C; then 


* if che expectation depends upon B's ſurviving 
n 


- 


+ 


ill be the value required. 
S:condly, if it depends upon C's furviving B ; then | 


e- r 


3 
+= * s. 4; » 2 
ꝗÄ?e— — — "bb; .. "nM 

N 2 X 1 27 2m 


Will be the yalue thereof, 


; 
| 
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CORO I: 
If the poſſeſſors B and C are of equal ages; tha 


1 
m 8 and doth —, and'— _ will be equal to z, 
whence the value of 4's intereſt in the reverſion will be 


— 


— — 
IXF—P+NP — 


* ** — 


QUESTION XXX. 
The reſpetve ages of three perſons, 4, B, and 1 ] 


being given; it is required to find the probability, the 
any two of them ſhall Turvive the third. 


CASE I. E 
7 


If one, or both, of the ſurvivors are elder than 
era ſurvived; that is, if the complements of th 1. 
ivors be = and 7, that of the ſurvived being i 
or if the complements of the ſurvivors be # and 
chat of the ſurvived being 4. _ 
Then, the expeQtation of the joint lives of the ſurvim 


will 2 by 'the ſeries . 9 — — 4 


— x — (=) ; or, by the ſeries —— — X 2 : 
27 2n 2« 


I * t ) 


And 1 arguing as in queſt. 21.) the robabilitied \ 
their, ſeverally, ſurviving the perſons, whoſe "comp! 


ments are m and 7, will be, fo. nnd — x £ If 


2n „„ 
| Wet Fe 


b T 
+ = 
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22—3 5 271—3 


— — 


1 1291 2 en 1 
21 m '-- In 2M k 


„ ==} X , the fans of which 
2 2M 


| { ion f 3 — a & 
ill (by queſtion 106. vol. 2.) be * „and — 


— which were required, 
CASE H. 


If both the ſurvivors be younger, than the ſurvived. 
Let the complements of the ſurvivors be denoted by #: 
Wand 7; and that of the ſurvived by u. 

Then by arguing (as in queſt. 22.) the probability re- 
Wuired will be expreffed by the ſeries, 


2 21—1 I 
2M 2t * 


The ſum of which, will, (by queſt. 16.) be 


27 


= + ==; becauſe — is a common factor, in eve 
24 3mt 1 


term of the ſeries. 
1 3 


QUESTION XXXII. 


uu, (by his will) left a legacy of P pounds to B. if 


"cation ? 


| doth he (B) and his wife (C) ſhall be alive at the time of 
tis (4's) deceaſe; what is the prefent value of B's ex- 


CASE I. 
If either, or both, of the expectants be elder than the 


dſſeſſor. 


Then (by queſt, 31. caſe, 1.) the ſum of the ſeries of 
annual 
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annual probabilities will be, either = — =, or 1 
2t mt 
8 i 
2 Gm. f . 
Wadof , oa I 
| Ef +... ou a, 6t oa 
conſequently, the ſum of the.correſponding ſeries of p * 
. I 1 ” 
ſent worths will * either - x N—B — 2 * you, * 
— N 
p — EEEN I IC EN reſe 
Whence, eith 0 
ence, either = ** B * 
e NR . 
5 x2 —P.— I * 2 will be the value require ; 2 
EXAMPLE. I. $:: 
If A be aged 43 years; B and C being 66, and 50 
and the legacy 25 4. | = : Th 
Then ?= 43; P = 25; : 
1 ” | | eV 
And P— BP — fm X 1 = 6, 276, by exampl N 
oy” 6,296 x 2 | þ 
Therefore === =) 4,649 will be the we. 
. 13 e le 
required, = 
| EXAMPLE II. W Th 
If A be aged 54 years; Band Cheing 66 and 43; an 
an 


the legacy 25 . =o 
Then 2-2 wk 2 * 2 26, 634, by ex. 2. queſt. 
And 


noel 


le 


Ines will be D 
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And (= 24x35 ==) 5-183 will be the value re- 
uired. wy | 

CASE u. 
If both the expectants be younger than the poſſeſſor, 


ten (by queſt. 3 1. caſe 2.) the ſeries of annual _—_— 
2M—1 2t—1 I 2m—3 „ 
2m 2t x 2m 
us 4 — (n.) 
2t  n | 
Now (by queſt. 7.) the ſum of # terms of the ſeries of 
2M—73 X 21—3 
2 


_ , which being — | 


. y L thee common factor of the 3 ſeries of — ne 


— — "My . — 275 


EXAMPLE. 


/ be aged 66; Band C, being 54 and 43; and 
Fe 2511 | | 


W Then "Y — . * — = = 8,056, by queſt 


and (8,056 X - =) 10,070 will be the value re- 
ired. as 888 ö we 


SCHO. 


go MATHEMATICAL 


$SCHOLIUM. 
Since the ſum of the ſeries of annual probabilities, 


2m —1 2t —1 I 2 I 27 we 


2M 2t * n 22 24 
rie 
b 2 7 + r and the ſum of the com 
ponding ſeries of preſent worths is | 

N 2 2» 
* 2 ! Therefore, whetthn 
the former appears in any operation, the value cf | 
cofreſponding annuity, or ſurvivorſhip, will be dena 
by the latter. 8 "ET | 


ter 


— Fe © | — 
QUESTION XXXIT. 


The teſpective ages of A, B, C, and D, being gin" 
it is required to find the probability, that any three 


them ſhall ſurvive the fourth. | % 
Fenn od 


If one or more of the ſurvivors are elder than the 
ſon to be ſurvived; that is (putting t, n, n and v, ſever 
for the complements of the youngeſt, ſecond, third, 
leldeſt) if the complements of the'{urvivors are either | 
*, and 7; or v, 1 and ?; or v, „ and ; the comp! 


ments of the perſon to be furyived, being, ſeverally, 


PT. AE 


i, or t. = - . 
Then (by arguing as in queftion 21 and 31.) the prot 
bilities of the three ſurvivorſhips will be expre ſſed by 


201 „ 2 21—1 


three ſeries X 3 
N 2M 2t n 2 
( nnn 
ar?” 2 2t n 


2 
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24 ws | 2.—1 2t—1 I 
— * Bl 5 
2 21 2t 23.4 
2) — 21— 2t 
(= x — x 25 X = (vo); 
2 2n - 2t 
2V 2 2M 4 
(== * 2—3 2m—3 x te 
20 22 2m 4 


Which ſerieſes have each a factor common to all their 
terms, and therefore their ſums will (by queſt, 107. vol. 


VU v * 
— — 3 
mn 6 12mtn 


VU 3 | 
— — — — h we * 
| ＋ f — hic re. 


CASE Ih 


hen the ſarvivors be younger than the perfon to be ſur- 
then, putting a, u, and 7, for the complements of 
The ſurvivors, and v for that of the ſurvived, the pro- 


18 
| * deere (by arguing ein define be r. 
= 


; er 


(+= 1 . + — + — = x x —(ol: 
2M 

The ſum of which; vin (if we multiply the Talule of 

Jueſt, t7.by—, the conſtant factor in this feries) appear to 


i 


1 — {+ ah — — WM " wo — 
7 n Ztm gin. Z un 
f 93 ; 

„lich is, therefore, the probability required, 


w =} 


QUES. 


2 MATHEMATICAL 


QUESTION XXXIV. 


What is the preſent worth of a legacy of, or an efty 
worth, P pounds, depending on the contingency of thre 
perſons lurviving a fourth; the ages of thoſe perſons be 
ing given? 


CTARSR L 


If one or more of the ſurvivors are elder, than the pe 
ſon to be ſurvived. 
Then (by queſt. 33. caſe 1. retaining the ſame ſyn 
bols as are #: ra uſed) the ſum of the ſeries of annulf 


* ⁊ VU 
probabilities will be, eiter 
2n Omn Otn 
* 2 v VU 3 ap a9 
12 mtn 2m nm Gin I zntm 27 bu 


gay 3 
Omtk Zam 


; in the fiſt of which 7; in de 


cond, =; and in the third, 7 e conſtant fadton 


n eherefore if the preſent worths, correſponding to 
probabilities, into which thoſe common — are m 


'tiplied, be ſererally multiplied by ©, B. and P, 
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CASE II. 
— [f all the ſurvivors be younger, than the perſon to "oY 
8 urvived ; then (by caſe 2. queſt. 33.) the ſeries of annu- 


probabilities will be 


2 | 1 2m—1 S 26 —1 © LE 2n—3 L 2m—3 
*** 2m 7 7a 2m, 
pet _ x > (v); and (by queſt. 7 the ſum of Q . 
Ya erms of the ſeries of preſent worths, * — 
n CR a2 ⁊ . 
9 —1 21 — — FG 2M—3 271—3 F 
T 27 —— Tr 2m _— "Bf cc. is "No 
a0 4 ah 
bn AO . | th Ef 35: : 
; N * * Y * 8 
1 | 1 Xu - O X 2 
5 therefore, this exprſion be multiple by „2 the e- 
ni nt, vi. ; | 
Nn * 
S — 
K- 
„ — — 2 
Y bra Tis 
| l be the value required. 
) | VET: 
1 EXAMPLE 
D. aged 74, hath, by his will, left a 1 cy of 25. 
„, his brother, aged 66; provided he, 1 his . 


2 „ aged 54; and his dau * A, aged 4 3; all be 
of them, alive at the time of his, | 
de value of C's intereſt in the legacy? "By 
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14 By the example to queſt, 10. the expreſſion * Þ < 
i | "Do 4 X m + t X 2 —4 
Wh Orn | X 224870 
13 a | . wel — 8 * 10; tec 
3 — — X -- V X 2 
: 1 1 ' : O77 1 Toi 1 8 1 0 
5 And (4,870 X 15 =) 12,175 vil be the value of C: Wi, 
ww. | intereſt in the legacy. 955 8 TY 
20 SCHOLIU M. * 
i Since the ſum of the ſeries of annual probabilities, viy 
1 | | 
* 22 —1 * 28—1 21—1 * FO Rey X 29] ; 
0 22 2m 85 1.88 V Tt 2n 2m ; 
1 _ _— 7” V dab 
Wo X X i — — —— | 
1 26 22 n 27 Z 2h * (b 
W + A © WEE: 3 8 
1 = T= = and fince the ſum Ik 
5 Wl Zim 31%ũ . 3mn- _ 
1 : ; . »N Ss 
i the correſponding ſeries of preſent worths is 2 — 
£ . fr: de | 13 WW 
; . B 7 
VU 
» — 
* * 5 ep 
| amt rod 
——_— c-—_ X27 \ nas 
therefore, whenever the former occurs in any operation | 
the value of the correſponding annuity, or ſurvivorſhip, i 
will be denoted by the latter. 
- IN a 
QE STTON Xv. 5 


The reſpective ages of three perſons 4. B, and C ( | 
whom, 4 4 w/w — C the eldeſt) being given; | 
is required to find the probability, that 4 ſhall die firſt, 
next, and Claſt, | anth O's ; SOLU 


of 


Bcd by /, u, and n: then, fince — is the expecta - 


. and that C ſhall 
W (by arguing in the ſame manner) the ities of 


REPOSLTORY. | gh, 


t the complements of A, B, and C, be ſeverally; de- 


n of 4's life for the firſt year, I — —.— will be the 


xeftation of his death, at the beginning, or early i 
Jo. 5 therefore, this I of X. "pe 


Piing 2 5. 8. 1 (r g yo 21. 1 then the. pro- 


* *, will exhibic he 


dability of 43 dying fil, and B next, in the firſt 
urvive them both for that year: 


Ike event's taking place, in the ſecond, third, Sc, c. 


| „ will be 1 . — 
| oY r yer 


1 


— X — &c, and conſequent- . 
26-31.Þ; . 8.” I 


| N e probability required will be the ſum of this ſeries 


Products. 


| ow by actual multiplication theſe products will be- 
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2 1 


Ec. is the probability of C's farviving » (by queſt. 2 


and the negative ſeries, * =* 


Where the affirmative ſeriea.—. * — + — 


len 
2t 22 

4 and C will furvive B, by queſt, 31, caſe 1, 
Hence, if we call the perſon propoſed to die firſt, t 

paſſeſor; the perſon who is to die next, the expedtad 

and the third perſon. the ſurvivor. 
"Then, from the probability of the ſurviver's — ; 

expedlant; take the probability, that both ſurvivor lf 

poſſeſſor ſhall out-live the expettant ; and the remainder a 


be the probability of the e Heer as W Js 
among the three perſons. 1 


Now the probability of C's arriving Bis — Ear 
21. ) and the only, that both A and C ſhall ſurvin 
B, . 1 IN "Tm un. 1. queſt. 31 Y therefore, t I 


— Ac. is the probability that bog 


Fr 


Ta 
all! 
Re 


Te will be the probably required. 


T « 


COROL. Fr 
ſur 


If the ages of the poſſeſſor 4, and expectant 3, | ere 
equal; then/=m; and the l deri 


become —- 
omm 


* 
233 


— 
2 


88 * an Ho — 


COROL.. II. 


If the axes of the expeclant B, and ſurvivor C, 
equal; then az = =; and (== or) 5, = will be the f. 


bability/required, 


CORO 
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CORO L, III. 


If the three perſons are of equal ages ; then N 
_ . „ 


QUESTION XXXVI. 


The ſame lives being conſidered, as in the laſt queſti- 
; it is required to find the probability, that B, ſhall die 
Weſt; 4, the youngeſt, next; and C, the eldeſt, laſt? 


$OLUTION. 


Here the complement of the poſſeſſor, is ; of the ex- 
Cant, ?; and of the ſurvivor, =. 


From _ the probability of C's ſurviving £, 
n nn | 
n: 142 BR | 
| Take — —5 the probability that N and C 
Wall ſurvive 4; 
Remains, — for the probability of the given erder 
3 which probability is the ſame, with 
ereſult of the leſt queſtion. b 
C ORO L. I. 


If the ages of the poſſeſſor, B, and expectant 4, are 
z 


8 qual; then ? = ; and the anſwer will be n as in 
rol. 1, queſt, 35. | 


vor, I. F c ORO 
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COROL. IL 


If che ages of the poſſeſſor, B, and ſurvivor, C, 2 
equal; then m=2; and the reſult will be (= =) 


- A in coral. 2. queſt, 35. . 


—— — 


QUESTION XXxXVII. 


In the ſame lives as before; it is required to determine 
the probability, that 4, the youngeſt, ſhall die firſt; ( 
the eldeſt, next; and B, laſt. | 
Here the complement of the poſſeſſor, is ?; of the er 
nt, „; and of the ſurvivor, . | 

The probability of the ſurvivor's outliving the expe: tle 


tant will (by queſt. 22.) be 1 — — 


And the probability, that both poſſeſſor and ſur via 
ſhall outlive the expectant, is (by caſe 2. queſtion 3 Ta 


K 1 


2M .2t  zoat 3 
Which, being ſubtracted from the former, leu 
" what | | 


_ — 72 for che probability required. 


GOA 0 L. I. 


If the poſſeſſor, 4, and the ſurvivor, B, be of equi i 1 U 
5 If th 
Ut 


ages; then 7 = . 2 2 wil be the pro | 
bability required. 1 


Wn 
er 


2 . COROLWM. 
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If the expectant, C, and ſurvivor, B, be of equal ages; 
en n N and the anſwer will become hs wy 


27 znt 
- * — s þ 7 ; of — > | 
hat is (— 7 = 67 as in corol. 2. queſt. 35 
— 10 36. 1 1 2 1 E . 


QUESTION XXXVIII, 
In the ſame lives as before; ogy the probability, 
3 


|} IFRA „ ſhall die firſt; 4. the youngeſt, next ; 


Here, the com lement of ihe poſſeſo is z; of the ex- 
Cant, :; and Ache ſurvivor, „. 4 


Therefore from may $ 


And the remainder ( = — 


4c 


1 v 
m — n + = * will be the proba- 


— 


ü 1 
q COR OL. I. 
— and furvivor . are of equal ages 3 
g n=; and — = + or) = vil bebe 
? wer, as in corol, 2, queſt. 35, 36, and 37. 

4 : 
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CORO L. II., 


If the expectant, 4, and ſurvivor, B, are of equ 
r 


t T u- the aten. 1 


—— —„V „ 


QU ESTION XXXIX. 


In the ſame lives as before ; it is required-to determin 
the probability, that B, 3, thall die fiſt; C the eldeſt, rex 
and / the youngeſt, laſt. 


Here the complement of the poſſefſor is E of then 
ant, =; and of the ſurvivor, r. 

'The probability of the fureivor's outliving the expe 

tant is (by queſt. 22) 1 25 and the probability, 


both poſſeſſor and Gen will outlive the expectant, 

i 1 a . 
n 1 3 72 —bs 
being ſubtradted from the former, leaves, — - 
for the probability required. 

COROL. .. . 4 
If the poſſeſſor B, and the expectant C, are of equaliꝶ 
then = and (= er 24 wil 
3 * 37 

the anſwer. ny 


ITI 


ol 1 


CORO 


R ETOSITOR Y. 101 


oOo RO. U. 


If the poſſeſſor B, Ann 
ent =m; and — — —. will ous ane 


2m Zaum 


1 88 as in coral. 1. queſt. 57. 


. * % ”. 
— 8 — 2 F 7 F" 7 1 „ CO 1 —— 


QUESTION 8 
la the ſame lives as before; it is required to determine 


robability, that C, the eld ſhall die frit ; B, next; 
ww the youngeſt, laſt. ene 1 


min 
| Here the complement of the paſſefſar i #3 pe 
1 mz lf the Gohioen © ys ; 
eu Then from 1221 
27 
2m ” 
| 2 8 nn 
* The remainder, 1— _ —_ 7 = 
g i be the probability required. 
* 880 R O L. I. 


If the ages of the poſſeſſor C, and expectant B, are 
qual; then en; and the anſwer will be 1 — 


— * un * 
— — 
ot 2n Ont 
age 0 n n 8 * . 
| That is (1 —Z —— — — =) F——; as in co- 
vil 2t 6t 30 
ol 1. queſt. 39. 


F 3 COR Ol. 


—— 
7 * 


r 8 
— ̃ᷣ v1 


= 


— 
* 1 


-- 4, * i 
1 
* 3K = i 
p N * 
4 4 o * 
* _ . "> 
o + A 
* 1 * %. £ 
< — „„ 
wy $4 "TR 
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COROTL. f. 


If the ages of the expectant, B, and ſurvivor, 4 
equal; then ? = m; and the probability required i 


—_— ——— 
I a LA . 4 — 3 
— — 2m 12 6mm « 27M ? 


= as in corol. 2. queſt, 38. 


7m 
The reſults of the laſt 6 queſtions and their corolla 
are inſerted in the following table; together with then 
merical anſwers, when the complements, 7, , and 3, 
note ſeverally, 433.32 and 206. 


ww » 7. 
* 
% .* 
# * » 
R _- - , 4 "FE „ 1 
by a. 
9c — <w car —_— * — p — 


*” 4” 7” „„ —— „ a — —— T 


„ 
1 x 
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+ — _ "— 


po 


AT 
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| _y * ö _ — nnd) "WM 
9 32 Tam | — — Er — 
— 98 8895 0 1 2 3 2 1 22 2 [1xnbaun f ſeſoſo 
8 8 © 195. = = 133 ES 
© 2 . ire _ N |1vboun o g|s 
— 2 75 F 7 28 —2 — — — 7 I: 
1 CEE * F —_— s aun eU o[+| 
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| 223 == 8 5 *yaJunok mn zo mn orf pur : puoi om Jo 27 342 * 
a Es [2 * $119 : yopp am go juamajduo mn a0; ang e code EE 
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Maes | As NOILATOS | | | 
I 2 . Cc . 
S 


MATHEMATICAL 


2 2 A Sh E > E * Wo 
2 | + ], _ AXM{&D 
* 2 . , | 5 2015 ami 
22 = Sl E | 
92 S2 _ + - - 5 e =- 4 p. 
£2910 3 Is : ls =p [#12], 
5 F 1 A - — | L{12 77 N 
9 ee 
222 2 3 
oo P 3 8 3 72 ALE 
ay . 
1890 (2 27 * * 
= — — | — * 28 
;- 8 2H $2N1muu 30 2JNÞan e ut ννννẽỹ“ . Aq ua eq an sade 5 « - 8 
133 8 4 *2wrz 2q3 auv n pur * Auun $1 A¹,,ç g 20 A112 A = ME 
£ 878 21] eee eee *$2r2rqrqcad g aaoqr 207 30 um . l 8 E * 
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— — 


= — - — — w_ 
= A 4 * — — — —— — 3 — — 0 _ 
ͤ—＋—äꝓ— ⁵ 2 ——— — 28 — 
IP hs. . 2 mY «>, 4 > — 
a a 44 
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r __ 
1 * 2 -_ WE. 9 ” l > _ =, = __ 4” 
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y | 4640 
QUESTION XII. 


reſpeRive ages of three „ A. B, and C, of 
* Ais the youngeſt, and ( the eldeſt, being given; 
it is required to fi find the propajylity, * any one of 
A e the other two 
onto bes anc ned? ble „i ow or | 


"CASE. 


When the ſuryiyor i is Ader, than the two perſons to be 
ſurvived; that is, if Che durvive: 4 and B;; this ſur- 


vivorſhi ip will, take, place, hen dhe three perſons die, ei- 
ther in he's 4, B, C; or in the order B, 4, C. 


Let » be the ſurvivor' plement; and let m, and 7, 
3 perſons 4, and B. 


be the. compliments of 
Then (by on 35.) the probability of their [ vn 
dying! in the — 8 4 G is Gr? 


And by queſt. -36-} the pfobabiliey of their "3 wn 
ies in the ctr Þ | 


#4, G BY , Q Orm 
= — _ tab 409 un 
Theref — 

ore, their lam, bouwps: viidedory 87 In 


will be the probabijity of Gs en. 4. and B. 
eee port. 


I 


Vide two ons, Fw tf, 77 to be el are of 
equal ages; that is, if, = Bi then # n and the pro- 


bability required will be—— | 
I Yor» 44h . 
g COROL. IL 

W and the elder of the W ebe fil 
Vived, are of equal ages; that is, if B C; then m=n; 


ud the probability required will be =} =. 


4348 


F 5 COROL. 


106 


— 


MATHEMATICAL 
COROL. 1N. 


* F 
{> 


If the three perſons are of equal ages; then (n= 


and the refult will become — Za hk 
Mgr; þ bs $4 | { 

When the ſurvivor is, "elder 4 fon ** younge ' 
than the other, perſon to beſutvived. 7 

This ſurvivorſhip will take Place, when the three 
ſons die, in the A, C, B; or in the order C, 

Let, therefore, thie' ement 1 } 
DN re 
Then 24 

by 7: _ 
Ta 1 ce d ej = 4 E . 
the order 4, C, B, in be 1 36m 1 


And (by queſt 38.) the pro- 


— theit dying in SN 
er C 4, B, will de „ 
en their ſum, 2 wh = 
r WM 1 26343 310) & 
eOR GT. 111 9 


If the ſurvivor, and the younger perſon to be ſurvive, | 
are of equal ages; that is, if B= 4; then /=m; ws 
"nu 


the anfier will be (2 — we) = 


COROTL n. 
If the ſurvivor, and the elder perſon to be ſurvived 
are of equal ages; that is, if B= C; then m = =; al 


the anſwer will become (=— 2 * 5 | 


=; as in corol. 2. caſe 1. 
37 


7 

* 

- 

E 

o 

. 

C A 8 | 
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; „ A: Be a 
When the ſurvivor is younger, than the two perſons to 


be ſurvived. 
This ſurvivorſhip will take place, when the three per- 
ſons die in the order B, C, 4; or in the order C, B, 4. 
Let, therefore, the complement of the ſurvivor's life 
be denoted by ?; and thoſe of the two perſons, to be ſur- 
vired, by *, and Ms 


Then (by queſt 39.) the pro- 

bability bf dbl dying in — _ 

the order B, C, 4 will be 2m. Jim 
And (by _ o.) the 

probability of their m =# nn _ 

dying in the order C, iI = ' "Gin 

B, 4, will be } 8 . 
Therefore, their ſum, 1214 

27 6tm 
will be the probability required. 
Sor 


If the two perſons, that are to be ſurvived, are of 
equal ages; thatis, if B C; then the probability re- 


quired will be (1 — wy CC —— 
COROL. II. 


If the ſurvivor, and the younger of the perſons to be 
ſurvived, are of equal ages; that is, if 4= ; then the 


i an | 8— 
anſwer will become (1 — — 1 1 WY 


un ; 
> as in corol. 1. caſe 2. 


Theſe ſurvivorſhips are inſerted in the following table, 


in the ſame manner as the former. 
F 6 A Ta. 


A, the youngeſt; B, 


z viz, 


rſons 


Pe 
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the ſecond; and C, the eldeſt. 


A TAB of the probabilities of the ſurvivorſhip, of 
out of three 


any one, 


Go 
O 
— , 


n 


__ 


_—_— 
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* 
= _ QUESTION XIII. 


The reſpective ages of three perſons, A, P, and 
(whereof A is the youngeſt, and C the eldeſt) are give) 
4 is poſſeſſed of an eſtate, worth P pounds, 050 
upon his deceaſe will devolve to B, if chen living, f 
his life only; after which C (if he ſurvives B) is top 
ſeſs it, wi aut farther limitation; but, if B dies bi | 
HA, then C is not to inherit at all; what is the preſa 
worth of C's intereſt in that eſtate? 


SOLUTION. 


If t, m, * 1, ſeveral, ent the complen 
of life of A B, and C; and N denotes the value of 1 
annuity (ſecured by land) for the 3 of C. 


Then, becauſe (S- == - is (byq | 


m 67 


35.) the ſum of the ſeries of the annual probabilities, d 
the proper « order of ſurvivorſhip will * place ; thenin 


(=*B === *S 5% % -F 


the ſum of the ſeries of RAY N eorreſponi 


thereto. 
And, ſince P is the, value of the eftate in 


tion, therefore E — —=x = — 
nnn which was required | 
E X XA MPLE. 


C( 66) will enjoy an eſtate of 1 annum, 
eee if 4 (aged 43) dies Un 7 (aged 5 
and B alſo dies before him 5 required the preſent 
2 


K ＋ IJ 
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« es 2 
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— 


3 — 


SOLUTION. © 
It the ſame ſymbols be retained as in the laſt queſin 
then (Sg or ) © x 2 being (by queſt. 36) 6 
ſum of the | ſeries of annual probahJi 2 therefore 


be'the ſum of the correſponding ſeries of proſont work 
and conſequently, R — e x Babe” the via 
of C's intereſt ; the ſame ** in hola queſtion. 


peeps Tru ect ene: 


933 + 


3 if che eine expeklant are * 


- << — 


the er eit be == == „ l . 
62m 
the laſt queſtion. 1 


PS 


— 1 COROL. II. 7 * 


— 


If the poſſeſſor and ſurvivor we” of equal ages; th 


anſwer will be N x © as in icorol. 2. of the 
E l. 


1 2 LE --— WS. I . WT - + WI 4 —— 
@ * 4 oy * , * WA 


QUESTION XIIV. 
given, as in the two 1 np 


The fame thin 7 05 
8 e e youngeſt) to be the poſſeſſor ; 
(the eldeft) to be — and that che intereſt of 


J 


— — — — — 
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in the 2 {depending upon As dying before C, and 
s ” dying before B) be required. 


SOLUTION. 


The probability of this order of ſurvivorſhip, being 


in queſt, 37.) found by ſubtracting 1 — * WA _ 


a 


_ (the ſam of a terms of the ſeries of annual pro- 
nr e-..7 


2t S --—_ "I - ©. 


from 1 — — (the ſum of » terms of the ſeries of 


abilities 


| probabilities * = ——ç— * Kc.) 


1 value of 3 muſt by > hath 
| to queſt. 23. (ale 2) an 5 be found by ſub- 


ing = "My — == x lde ſum of o terms 
ff the rien of preſent worths, "correſponding to the 
men from (the ſum of » terms of the ſeries of 
reſent worths, — to the latter;) and there- 


1 — (their difference) be mul. 


6rm 


pied by Þ (the value of my PAL the produQ, 


. =. X D will be the value o Bs Wen 


herein. 


EXAMPLE. 


B (aged 54) the ſecond wife of C (aged 66) will enjoy 
Wn eſtate of 1. per annum, or a legacy of 25L. if 4 


(aged 
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(aged 43) the daughter of C, ſhould die before ber 6 
ther, and ſhe (B) ſhould ſurvive him; required the pr 
ſent value of B's intereſt therein, 


— } 
Here 2 d = 7-888 (by exa. to queſt. 7.) Mae 
225. * = 43. | (by 

— Then 7s bn SD = 2,293 will be the value of } ! 
intereſt. 7 
| COROL. 1. EY 


If the poſſeſſor and ſurvivor are of equal ages; th — 
n; and the value of B's intereſt will become 
—ůů— — 


_ DIE 
n: e 2 NED 2 
: t 


COROL. II. 
1 Tf the expectant and the ſurvivor are of equal 180 
then x = »; and *M ; whence the value of } < 


ir 1 SR P = 
0 — x © or ) — 
1 

— — 9 . . op to 
BP 85 x D azin corol s. queſt. 45 11 


QUESTION XLV. 


The ſame things being given, as in the preceiig 
queſtions ; ſuppoſe C (the eldeſt) to be the polleſſor; / 
(the youngeſt) to be the expectant; and that the intent 
of, B, in the eſtate (depending upon C's dying befor 
4, and £'s dying before B) be required. 


SOLU 
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SOLUTION. | 
Retaining the uſual ſymbols, the ſum of the ſeries of 
the annual probabilities of this order of — 5 


(by queſt. 38. — A + —— or 


2 6 | 
- x = + —— therefore the ſum of the 


arching * of preſent worths will be 


- * Y—P+R=—— X and conſequent- 
N the .. value of B.. md] in the eſtate will be 
— ——— — 


EXAMPLE 5 i 


C (aged 66) who is polleſſed of an eftate of 1/. 
annum, has by deed given it to his wife & (aged 43). if 
ſhe be alive at the time of his deceaſe; = uired the in- 
tereſt of B, aged 54 (who is brother, heir at law, 
to the wife) in the eſtate, dependent on had Mg the 
hulband, and the brother's s ſurviving her. 


Here W=10,757; B=7,6733 N x —_— 
E 1,397 (by exa. z. queſt. 4.) P=253 Wh 
THe 10,757 wo 7:673 + 1,397 = 4481; and — 


8 
(= —— — 2,605 will be the value required. 
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2 the expectant and ſurvivor are of equal ages then 
n and the intereſt of B will become p 
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2 * e * = = 3,501, 


COROL. I. 


If the poſſeſſor 2 ſarviyor are of equal ages; ther 
= , and M= Q; therefore — 
—ů ů ůů 


become (E * N— 27 — Wali = 


2 


Y * A xt= Bon x D win 
pn queſt. 42. | 


2„«%r: a a ww <-> 2 2 — — — — —— 
—ů — 


—— — — — — — 


QUESTION XIvi. 


* 


The ſame things being given, as in N 
2 2 B to be 22 poſleſſor ; C eldef 
to be the expectant; ee of of (he youy 
eft) in the eſtate (depending upon B's dying before 
m 


SOLUTION. 


The probability of this order of are being (1 
queſt IRE e 1 * 


2m, 2t, 


= ban 4 therefore the value required as 


ws _ —_—_—_—_—___ 


be found, by — 


from 2 
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And therefore, it the remainder, — _. 


un 3 BY a 
2 — 1 * * Ar multiplied by, P, the value 
if the eftate; the product, via 


— Pr _ 


* 1 f 
vil 11 
- preſent value of L's intereſt therein. 


EXAMPLE. 


B is poſſeſſed of an eſtate of 1. per annum: 
9— 2 by deed, ſettled on his fiſter © (aged 66) 
if ſhe ſurvive him; but if ſhe dies before him, her ſon 
A(aged 43) is not to inherit; required the preſent value 
f 4's expectation, dependent on C's ſurviving B, and 
s ſurviving C. . 


Here "F = 10,838; mr 9,891 (by queſt, 2.) 
I — = 7,888 (by queſt. 7.) » = 20; 1243 


— >= 


838 — 9.8 
d P = 25. Then 22 — = = 0,04735 and 


35 + ©,09172 * 25 =) 3.477 will 


c ORO. I. 


If the poſſeſior and ſurvivor are of equal ages; then 
, and 2 m; whence the value of £'s in- 
tereſt will become 


—— 
(PX — — * — =} 


be the value require 


- ＋ „ — — — 


'Y — = X £ as in corol 1. queſt. 44. 


} 


COROL, 
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4 


3 - —_— - * 


aw 7; NA 13 50 U 12 
r COR OI. II. 


＋EP— „ 2 


- Tf the poſſeſſor and expectant are of equal ages; tha 


n= ., and =#; — — the value of A's in 
e ee 2g — ND 55 ' 1 
tereſt will become (P X ———— N C( 


—_——— 


8 2 140901 : * 2 3 
=)P x r 


„ QUESTION XLVII 


The ſame things being given, as in the ediny 
queſtions; ſuppoſe C (the eldeſt) to be the poſſeſſor; B, to 
be the expectant; and that the intereſt of 4 (the young. 
eſt) in the eſtate (depending upon C's dying before ; 
and B's dying before 4) be required. | 


4. £5 nin 4 
The ſame ſymbols being retained as before ; fince 
122 = is (by queſt. 40.) the ſum of 


2t 2m 
the ſeries of the annual probabilities of this order of (ur- 


. . A 2 n n 
vivorſhip ; and ſince . * and 8 X — 
are the ſums of the three ſeries of preſent worths, ſeve- 
rally, correſpending to the three ſeries of annual probs 


af 
71. 
bs, 


bilities, - whoſe ſums are, 1 —-. 2 and ; 
| 26 28 Otm | 
Therefore (P x IF, — 2 , p- -x - 8 
1 1 „rer 


2 


or) 
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EX A- P+ BN -— Xx = vll be dhe value 
m or 2t 
48 intereſt in the eſtate. _ 
EXAMPLE. 
66) is poſſeſſed of an eſtate of 1L. per annum, 
Hy 700 deſcend to his brother B (aged 54) if he be 


ive at the time of C's deceaſe; it is 1 to deter- 
ine, what intereſt 4 (the wife of B, | 43) has in 


: eſtate, dependent on B's ſurviving ( and As ſur- 

ring B? 28 
* PM 

Here F = 12,578; N =7,6733 P — __ 2 


1,039, P=25; and m = 32: 


Therefore (12,578 — 7,073 + 1,039 X 41 =) 4-644 
be the value * 


eee 


If the elpoRanit and ſurvivor are of equal ages: then 
F= M, ani? = m; therefore the intereſt of A will 


come E M — A ＋ X ——axinco- 
| 1. queſt. 45. i 


CO ROT. II. 


If the poſſelfor and t are of equal ages; then 
2; and the value of As 222 in the eſtate will be 


EAA ) 


1 r- gun ons 


IN | > 
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QUESTION XLII. 


To find ound, & worth of the reverſion of an eſſaz que 
_ er po depending on one perſon's ſurv im 


SOLUTION. 


Let A, B, and C, ſeverally, 8 name of th 
cr " ſecond, and _ perſon; t, m, and a, thy 
nts of life; M and N the values of annum 

(ſecared by land) for the lives of B and C; , f, uM © 
. the values of ſuch annuities for , and , yea 
certain, if 4 and I ſhould live fo bert 


-CASE I. 


If the ſurvivor be elder than the two perſons to be ſu 
vived ; that is, if C is to ſurvive both A and B. 
Then, if 4 be ſuppoſed to die firſt; and B, ſecond; ti 
value of C's intereſt in the eſtate will (by queſt. 42.) 


A ——= x =D; and be ſuppoſed to die 8 
and 4 ſecond; * e C's intereſt will alſo be Ifa 
A x =D; by queſt. 43. 


Therefore their ſum, P — x =D, will | 
the value required. bi -> 


EXAMPLE. Wan th 


C (aged 66) will become poſſeſſed of an eſtate of ber 
per annum, if he ſurvives his two neices 4, and , of 4 al 
reſp:Qive ages of 43, and $43 required the preſent 
lue of his intereſt in that eſtate * 
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Here Þ — — X 2 * o, 812 by example to 


nueſt, 42. 4 * 
Therefore (o, 8 12 X 2 =) 1,624 will be the value 


quired. 
oer 


If the perſons, to be ſurvived, are of equal ages. 
Then 7 = ; and the value will become 


der 


2— > 2Þ. 

u X —— 2,182. 

a | * ö 
COR O IL. IL 


If one of the perſons, to be ſurvived, be of the fame 
ge with the ſurvivor; then mz = »; and the value will 


{ar 

n »P __ 1 Ps. | 
Win (2>= x =) == 5= 
* 


Fan: = 
If all the three perſons are of equal ages: then # = = 


1, and the value required will be N — — * 5 
5585. | 


o As EI. 


If the lurvivor be, younger than the one, and elder 
FW" the other, of the two perſons to be ſurvived; that is, 
B is to ſurvive C and 4. 

Then if 4, be ſuppoſed to die firſt; and C, ſecond ; 


{ WE value of B's intereſt will (by queſt, 44.) be 


1 


01. III. G «] 


MATHEMATICAL 


TI nn 7 — 


firſt; and A, ſecond A B's intereſt will by queſt, 45. by 
worth (M—P + P —— RO 5. = 
„ * 


PU — — 


7 1 1 P 
Therefore, their ſum | 


Or- „ dra 
1 — a — — I 


„n WIP— XS x) 
will be the value required. 
nl) of: Yo v8 im 


"RF AMPLE; 


C (aged 68) is doſſeſſed of an eſtate of 1 C. per anniy 
which will deſcend to his daughter, I [aged 43) ; but i 
ter the deceaſe of both of them, will become the 50 
rty of B, the brother, of C, aged 54, if he be in 
. required the value of B's intereſt in that eſtate 
Here JN, = 19,757: N 7,673; M = geen 


— = 3-205; n=20; m=32; P ="25; * 


14 


, 


1 = 43; ; 
Then 10,757 — 7,673 X 2 = 6,168; 3. 205 X22 


2 3. & 


6,410; 7,073 — 6,410 g 1,263 ; MG 


"© a . «or „ 
1, 263 
* .— = 0,789; and 6, 168 + 9,891 ＋ 0,74 


32 


= 16,848, 


2 X 43 = } 4,898 will be the 


COR 


Therefore 


lde required. 


REY OST TOR r. 123 


COR OL. i 


If the ſurvivor and the younger perſon, to be ſurviv- 
ed, are of the ſame age; then ? =; and the value re- 
4 will be, - 


u — N x * E * 
6,581. 


COROL. I. 


If the ſurvivor and the elder perſon, to be ſurvived, 
re of the ſame ages; then MY = *Y = N, and 


p=n; whence the value required will be 


DAS ow» 1s 


— 


1 


2 * 


Nr * — x E 


1 P 
Dor) * " 7 


That is 1. X 
in corol, 2. caſe 1. 
. CASE III. 


If che ſurvivor be younger, than either of the perſons, 

d be ſurvived ; that is, if 4 is to ſurvive B and C. 

Then, if B be ſuppoſed to die firſt, and C ſecond; the 

blue of A's intereſt will (by queſt. 46. ) be ; | 
rr mn = 


(25 So "D 
. 
And, if C be ſuppoſed todie firſt, we B ſecond; then. 
e value of s intereſt will (by E 47- ) be 
— 


20m 


G 3 There: 
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Therefore, their ſum | 


value required. 
5 EXAMPLE, 


C (aged 66) is poſſeſſed of an eſtate of 1L. per annun, 
in which his wife B (aged 54) is jointured ; which e 
will deſcend to his ſon 4 (aged 43) if he ſurvives the 4 
both; what is the preſent value of As intereſt in thy 
eſtate? 
Here F = 10,838; M = 9,891; f = 12,574; 
N = 7,673; n= 20; m=132; = 43; P=% 
21 


and Þ — * X - = 0,789 (by exam. caſe 2.) 


| 10.838 — 0,891 _ : 12.578 — 7.7 
Then! _— = , 4735 — 
=.0,6c988; - --. A | 
— 9,891 + 0.7 3 . 
And FFT =0,12419: 
Therefore (0,04735 + 0,15328 + 0,12419 X 255 
$,1205 will be the value required. | 


eO rl. 1 
If the ſurvivor and the younger of the perſons, ol 


F 


ſurvived, are of equal ages; then F, = -. F 


„ and ? = m; therefore 
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— — . 
Tr D- 
M — 2 x 2 + n + R—— * — x 2 


las in corol. 1. caſe 2.) will be the value required. 


COROL. . 


If the two perſons, to be ſurvived, are of equal ages; 
then m = . f = f. and M = ; therefore 
ee ——————w_ 


Se- zin 
Hz a 


n 
Jue required. 


—— 


+ 2 — X _ * P will be the va- 


. — . 


QUESTION XLIX. 


A perſon who is intituled to an abſolute eſtate, in fee 
mple, if he ſurvives the preſent poſſeſſor, grants the re- 
rerfion of an annuity of /. per annum, to be ſecured 
bereon, to a third perſon, for the remainder of his (the 
bird perſon's) life after the deceaſe of the preſent poſſeſ- 
or; but ſo, that if the granter doth not live to come into 
polleſſion, the annuity is not to take place: what is the 
reſent value of that reverſion, ſo depending on the ſur. 
vorſhip? | 


SOLUTION. 


Let 4, B, and C, repreſent the names of the young- 
t, ſerond, and eldeſt, of the three perſons; and let 7, 
and 1, be their reſpective complements of life. 

00} CASE 
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rr 


If the poſſeſſor, be the oun eſt; the expeQant, ſe 

cond ; and the annuitant, the eldeſt, of the three perſon, 
Then the annual probabilities of the expectant's com, 

ing into poſſeſſion will (by queſt. 21) be — * — 


2M 


2— 1 2m— 1 bet l 
—. * — X V. &. that is — —, 
2m 7 2 ＋ | 1 2mt 


"IM 2m tk 2¹ 
Now, if the furvivorſhip ſhould take place in the fi 


8 ; —_— 2n— 3 — 
his whole life, wiz. oo” any + pany (=); 


Therefore if, — — — the probability of the ſuni. 
vorſhip's taking place therein, be multiplied thereby : the 


: I 1 22—1 25 — 
4 2mt au 


(0, will be the annuitant's expectation for that year. 

But, if the ſurvivorſhip fails in the firſt, and takes place 
in the ſecond year, then the annuitant will be enticuled 
to the whole annuity for his life, except the firſt anni 
al payment (which he will not receive, becauſe th 


' granter will not be then in poſſeſſion) vis. ——= + 
i ; which, being multiplied by 


2 2 | 
3 * the probability of the ſurviyorſhip's, ſo, tak 
7 2mt 
irg place, will produce, | Ws 


* 
8 
4 


7 3 2 —3 4 2n—F_ Bn 3 the 
7 "2ant * * 2nr3 + 2nr+ —__ 


ganuitant's expectation for the ſecond year. l 


* 
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in 


In like ma 
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. 


be ew that tk 


4 
: 


”* 01 
uitants 


hn 


* 

1 R - : 

* 4 
1 


e ann 


— * 
= 
— — : 


it may 
e third year. will be 


Pn. 
= 


ner, 
qr th 


* 
— 


ation, f. 


— 


expect 


7 


2 * 2 * 
S3 
2 
12. 
38. 
3.8 * 
0.2 
YoE 
212 
35 8 
8 
282 
332 
38 2 


21.—1 I 20 wm 
ur 63333 t 
N ; ; * 
Zo 4 
2 
ar 4 
28—1 I Ln —— N 
Zur ** 2nr* 2mt 
7 2—3 1 


S8 — — 


—  . 


. * 
2 r — L 2 2 —— ———— ˙ »» RR TD 


* 
2 Hmm G * 22—7 1 I & 
24 © ＋ 2nr* 7 * 
rr 
2nr3 ＋ 2nr* ＋ 5 
2.—5 I Pr—7,,1 
— X — X — 
2nrs F 21 F . 
222 9 | 
> = eee" X 1 
2 | 4 
| > | | 
I 2n—7 r 
X — — — — &c. 
2 271 2mt 
8 x e 
2mt _2nr+ 2 © 
7 27—7 & 


Where 
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| Where the affirmative ſerieſes, being added, produ 

ths fories, i n 29D 2 e 
Zur 


$i 42 1 2273 


a „ 7 , 2m 7 
The firſt, of which may be ſummed, by queſt. 21. vol, 
2, and the latter, by queſt. 22. vol. 2. 

Now firft, in order to find the ſum of the affirmatin 


27—3 


ſeries; it is known that the ſum of . + =. 
22 27 


1814 


is N and its common difference + — and the ſum d 


— + — (a) is =, and its common difference - =: 


Whence (by queſt, 21. vol. 2.) the ſum of a terms of th 
ſeries of products will be 


= D ö 


= — odor 
2285 2.2.3 ntr hat 
PFI fix a 
— — 1 
27 Zt X bor 


That is A — — X = - will be the ſum d But 


th 2 affirmative ſeries. | Second), 


R x POSI TORY. 


Secondly, — of; 8 ſeries ; 
The ſum of — = 3 (ﬆ) is B, its firſt "_ 


3 


, and its common difference .* 
zur ur 


The ſum of — + — (#)is == its firſt term , 


nd its common difference — — 2 


The fum of —- + 0%. ts feſt n 


: I 
and its common difference — — 3 
, = 2M 


Whence the ſum of the ſeries of products will (by qu. 


un nx + 1 
1 vol. = 2 


nn 
S grow 1 X 20—1 _ Aga 1 
FS 4 nmtr 2 nmtr 2 nmr 


| FN 
12 © 8mt 6r 


: ; whence we ſhall 
G 5 have 


MATNIMATICAIL 


—.— „5 . „4. ty 
"> .-P 4 8 mt 67 | 
* 1.n+1 i 2 1 — | — 
dunn . 9 1 
Now, if we write, . 3 * X — for 
1 3 0 =] 
„ 
— (which differ by 4 
22 — which is leſs than 4 the above u 2 
\ 48mtr . 487 404 
—_ — — | 
F n+_no+1 nl T 
preſſion will become (N x me 7 7 | 
— — — 7 ue! 
2 — 1 2 * | th 
or) A — _ X — which is the ſum of th 
C negative ſeries bh It 
Now, if from, H — © x © , the ſum d= 
| 2 4 1 — 1 » +1 deco 
affirmative ſeries, we take, G * , th 
| or 8mt 
ſum of the negative ſeries ; then, the remainder 
— If 
8 mt m = 
e a2. 
or) N n will be the value of as 
annuitants whole expectation; that is, of the reverld "uk 


depending on the ſurvivorſhip. 
| EXAMPLE. 
| B (aged 54) who is heir to an eſtate, upon the death 


Sis neice (aged 43) if he be then alive, grants an 4 
| | p 


— — 
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iy of 1, per annum to C (aged 66) for his life, ſecured 
a, and ifſuable out of the eſtate, to commence at the 
time, when he (B] enters into poſſeſſion thereof; what 
preſent money ought C to pay, for the ſame? 


Here N = 7,073; = =$,0453 — 21 


— 
21 21 __ 128 — 21 =) 107 
E +128 128 


=; and 7,673 — 31045 = 
628. | 


ben 2228 X107X 21 \.. 
n 0 128 x80 ) 0,945 will be the va · 
lue required, | —4— 6 

C ORO . I. 


If the poſſeſſor and expectant ate of equal ages; then 
/=n; and the value of the annuitant's expectation will 


become, Bu . „ 1 OX 3 


COROL U. 
If the expectant and annuitant are of equal ages; 
n=; and the value required will be * then 


n— 1 N 1 n+1 or ) 
WH: ore} Fol 
1— 1 3—1 n+1 4 
DRE ION of mn 
or 4" 24 


G 6 | COROL, 


48 4+.32, 


\ 


132 MATHEMATICAL 


COROL. III. 
If the three perſons be of equal ages; > 


1 —— 2 x =, will be the value re 


CASE Il. 
Tf we expectant, be the youngeſt ; the poſſeſſor, the 


ſecond ; and the annuitant, the eldeſt, of the three pet. 


| ſons. 
Then (by writing #: for t, and : for.ar, 4 in the ſolution 
of the laſt le we ſhall have, 


P—— X 2 ot; #2 ah for the valte 
required. 
bf COROL. I. 


4 


F Hence if / = . the value will become, 4 . 
„r, „ 1＋ 1 
Gr F 4% 28 


r J. 


caſe 1. 


"CAROL. 


yr CE EIS 


— 


* 
If m = n; then 2 - * 
WP % —_ * 28 


will be the value required. 3 


n + 1 * n + 1 
44 


CASE In. 


If the poſſeſſor, be the youngeſt ; the annuitant, the 
_—_ ; and the expeQant, the cldeſl, of the three per- 
ns 


Then, 
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Then, the annual probabilities of the expectant's com. 


ag into poſſeſſion will be —— x 7 —— 4 7 


c continued only to » terms; which probabilities may 


{ in the laſt caſe) be wrote = , . . e. 
| re. zt) STC”; 


ad conſequently, if the ſurvivorſhip takes place in the 
rt, ſecond, third, &c. year the annuitant's expecta- 
ons will be, | 


2nt 2mr 3 2mr* Zur (a), &c. 


Of which ſerieſes the number will be only 2; becaufe 
e probability of the expectant's ſurviving the poſſeſſor 
ſes, at the end of » years. 

Let now theſe ſerieſes be ſuppoſed to be expanded by 
ultplication, and ranged as in the firſt caſe; and, let 
examine the conſequence of expounding the ſymbol, 
by the numbers 2, 3, and 4. reſpectively. | 

If z = 2; then, 34 the firſt and ſecond products 
il be to be added together; and the reſult will be repre- 


ated by + . x 8 — . 2 
. 2mr* t ö 


I 2m=3, 4 


— =_ 
— 


2 mt 2mr* 2nt 


2mr+ _2ut 


here the terms 3 the 2 firſt, in each ſeries, conſiſt 
ſuch expreſſions as are found in the value of the ſingle 
e of the annuitant, multiplied into the conſtant factors, 

| 2 


4 


134 MATHEMATICAL 
2 4 . r 

— and — 5 which (becauſe they ariſe from the ſuppot, 
tion of the equality of 2 and ) may be wrote — and 


—. or ) _ ; and conſequently (in this caſe) the negi 
* 
tive ſeries will, after the ſecond term, be juſt half ti 
affirmative. ' | | 

Again, if » = 3; then three of the ſerieſes, produce 
by the multiplications, will be to be added together; 


and the reſult will be repreſented by N 
281 I 2M, 2 2 — & 

ether” cls wget =, x + + rae 

(+ 2 oa 7. * Zn 7 0 ega 
ln 1 9 

2mr - ant 2mr* 2nt 2mr3 2 71 — 

rr X 2 . 
| e 2175 2nt hm, 


wherein, after the three firſt terms, the factors (whid 
are multiplied into the terms of the ſingle life of the 1. 


nuitant) become invariably = and — which (beczu 2 
x 2 
= | 2 
S) may be wrote : and (— or ) = as before 


Ard, if we proceed to make » = 4, we ſhall f nd th 
ſame things occur after four terms; and conſequently ti 
value of the annuity required will be repreſented by 


yp , X — * — — ä f[—— — —— 
2mr r A 2mr* t + 2 * 700 


7s t 
( 21 — 21 —1 * 1 + 2 — 21 — 3 | 


| z __ 7 2mr 2 


4 

2 in 
| wh 1 tu=s); 
, | — x 


2 I 21 Mn 
* becauſe —— =—_ — + — (n) = 


- 201 —25—1 20M—20—1 , - 
N. therefore 2 Rn + — (m—n) 


M — n and;becauſe Z — 2 = <2, 

| 7 
ore, the difference of thoſe parts of the affirmative and 
egative leries, which have 1nvariable factors, yall be 


a "Mx ©. 


[t remains tharefore; only, to find the ſum of thoſe # 
terms of each ſeries, which have variable factors. 


Firſt, in order to find the ſum of, 2 


— 3 X = (#), it is known, that 22251 
2mr* 2mr 


— (=) = "M ; the common difference thereof be- 


— 


Alſo — + 2 (a) = ==, and the common diffe- 


4 


rence — — 3 ; therefore the ſum of » terms of the ſeries 


of OP will (by queſt. 21. vol. 2.) be 
( *M 


x 21 vill be the fum of the 1 


27 


. ak or) 


—— 4 
+ * — (#); 


zur | 

g Aw Þ 299 — 3 * ex: AX 

The ſum © — + == 00 is Nis fir | 
term de and common difference —: 1 
mr X 

The fm of — + 70 ; its firſt term —; l 

| | * 4 

and common difference — _: + 


0 


The ſam of — = + — (#) is G 4 +1, 


—— 4A 


* 

2 n — 
Whence, the ſum of the ſeries of products will (by + 

d 
queſt. 22, vol. 2.) be ( x = x = — X 
2 oma 1 {IM : 
7 4mntr 2 mntr 2 mulr 2 

3 . 
3 2 3 = X I or ) : 
2 * 2 * 2 2mntry 


2 


- 
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tr. for =# 25 = w ot = 


| 1 m 50 ſſ = x 1 * ts — @& + PRE 


_ * — 
k — w 4 „ — 


41 © 
2 


And 5, 344 X 21 = 112,224; _ 
1515 10,757 — 9,891 = 0,866 ; and o, 865 * 20 


17,320: 5070 
Now 112,224 + 17,320 = 129,544; and 


: s \ S 43 
1,506 the value required, 


COROL; I. 


„ 4 4 4, 3 Wi 


n, and the value of the reverſion will become 
— — — — 


8 

A 

| COROL. Il. 

» | 7 | 

* WH If the expeRtanfand annuitant are of equal ages; then 

| =», and M = M = N; whence the value re- 
— — 

il be . p 2 „. 

5 HP 4 or 4 27 


at is (if we write zu — 1, for 3 — 2) 


_ _—— a 


2t 
red, as in corol. 2. caſe 1. 


CASE IV. 


If the poſleſſor, be the eldeſt ; the annuitant, the ſe- 
ſad; and the expectant the youngeſt, of the three per- 


Ns. 


g into poſſeſſion will Wanna Xe; — X = &c; 
* | 1 24 a” 
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129,544" 


If the poſſeſſor and anndftant are of equal ages, then 


EST XK E=L x 232 ill be the values: - 
6r 4n | 


Then the annual probabilities of the expectant's com- 


which 


— 
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which may (as before) be otherwiſe wrote — —.; 7 
. | An 


1 3 2nt me \ 
17 Fe. and, the proceſs being continued in 


beforegoing manner, we ſhall find that the va! 

, Cth 
reverſion of the annuity required will be led, b 
difference of the two following — . 


2 I 
= xi+2I x2 +2 x3, 


— 
2mr 2nt 2mr* 2nt 2mi3 nt 


| —— ee, zur 2. 3 

where (becauſe— 2 , and — ==) the differen 
of thoſe parts of the two ſeries, which. have invarill 
factors, will be 99 »ID x 1 == 


In the affirmative ſeries, having variable factors, «i 
* 2m—3 2 


= Y, and the common difference = — — t 


= (= — and the common diſa 
7 2n 2 


ence is — =; therefore the ſum of the ſeries of produi 


F «+1 1 


— . 2—1 xl 11 | 
3; #58 2 
Fl 


n+1 Y a 
1 2m . Or | 5 


The 


negative ſeries, having variable factors, is the 
ll be 


SLAP ELIAS on 4A uL 
f th 4 6 ---- 4m 2t | 


is, being ſubtracted, from the above found ſum of 
affirmative ſeries, having variable factors, will leave 


Mx 2 — 


28 2m , or 


): 2m . or 2n 4t 
„ _ 


toy 5 wo a RES x 22 
br 1 2 

{l be the difference of the two ſerieſes, which have va- 

ble factors. | To 
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me with that before exhibited; and conſequently its ſum - 
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* * — « * — 4 
, 5 4 0 1 r . 
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P 1 — — hy 
— ad ——— — 


„ » 


— 


142 MATHEMATICAL 
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To which, if, JR — MX == the dif P 
of thoſe parts of each ſeries, which 1 invariable { 665 
tors, I r fa a 857 Fe at: 


= 8 will be the value of the 


nuitant's expectation. 
EXAMPLE: 


A (aged 43) who will inherit an eſtate, upon the & 
ceaſe of his father C(aged 66), grants an annuity (on th 
ſecurity thereof) to B (aged 54) for the remainder of y 
" (B's) life, after he (4) ſhall come into poſſeſſion: whai 
the preſent worth thereof ? 


Here M= 109757; Mg 9, 891; = 5 


= — 20 = — 2 4 3 * * 
8 . 181 24 1 21. 2 — 3 .. 
b 172 172 * 7 27 4.7 = 7 
64—60—2 =) 2, 2a fI24 , 
e 172 172 Tr G 
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Then 9,891 X 25 X == = 45593 


3.045 X _ x. =1,011; 


172 2 


0 us X Au = 0,665; and (4559 — IT + 


* — 


- a —— — 
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n; and_the_apnuitant's expeRation will 


a e 
3 n+1 . W 
Or _— | D Fs 218 
r COROL. n. 
by 


If the anquitant and the poſſeſſor are of zi ages; 
en m=n, and 99 = — MW = N; whence the value 


deu. x 7 S * 


22 


5 ' — 1 * 2 n+ 1 . 
* X 1] —2— 7 —5 ; which (by writing 
5 e DEE 


4 28. or 4t 22 
2 T a+ n+1 
—_— — Xx — 
I 1 8 
CASE V. 


If the annuitant, be the youngeſt; the poſſeſſor, ſe- 


nd; and the expectant, the eldeſt, of the three . 
is, 


Then 
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=) 44213 will be the value of the annuitant's ex- 


If the —- and the annuitant are of equal 18. 


. — = l * —_ +; R. 3 —— — — L 4 
. n TOE Ba Yn "EY . — 1 — — 
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| Then the annual probabilities of the expedtant' d 


ac. Or) = , = = =, c. and theſe, be 
as a. zan ** Jum | ©» 
«$3 LH f.3 £4 = & | * * 
— — — * 0 — 
multiplied into the terms of the ſeries, ——! 
- '% ©,” þ Wt - 1 + ©» i £ * 2tr 


u n "of the ahndltancst 


THY 


* 3 br 
— 
3 


and their difference will be the value of the annuitul 
ion. Y 
If theſe ſerieſes be compared, with thoſe in the th 
caſe; it will appear, that if we write, F for M. 5 
„n, * for , and =» for t, in the ſolution of that ti 
the ſolution of this caſe will be, thereby, obtained 
therefore v 
gn—1 2—1 2 2t + n—2 
X ＋ — X — X I 
4" * * 4 T 
+ FF X » | | 
will be the value of the annuitant's expeQation, 


oa % 


R EreSsI TOR YE 
EX AMF L. 


71 deceaſe of B (a 
wy, _ — 

which is to \COMMENTTC, _ 
24 Sb 
he preſ 2 n 


1 4 — — 


54). if de (C). be then alive, 


* 


Here 122 — 12,9305 2 = — 5 10,838; 2 75 3045 


— 2 59, 2 4 —2 _ 2 —_ 


Aer - 


i e e, 3 4x43 


05 201907 29. 1142191983 otts 


* Tr les * 1 S 2.083; „ 203 
1 — 2e 


232 . 
Then 12,920 X 2 = = : 9.528; 3-045 x bs n 


2 


5628 — 1 888 7687 7.687 x 21 = 161,427; 
175 * 20 54% and 2 W + 41/640 = — 
_ GW IU 3» 


ns (=) r be-the value r6- 
ef Coro 1. L 


If the unmhnt and poſſclſor be of equal age then 
| = of = A, and = m: wherice t value of 
ö | become, 8 EE > == 


Vor. III. 11 c O ROI. 


C (aged 66) — of an eſtate, 


. < 4 uf . * * 
a "yP * 
mo , P 4 * pa 
— — — —— — —_—__——_— * 5 
—ů—ů — 
- = 
= 0 
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COR OL. II. 


* Tf the poſſeſſor and expectant are of equal ages; lliih — 
m u; and the value required will ho rag tn 
Yap nor rg ben creo ne eee 


. KEEL x 4+ if 

- or -- 70: Tn rnd © NA unico bis ,*; 
— — . | > vs f 

+ F — Fx &@ 541094577 1220's ug 


” 


; n 
a a * at al 2 — . | his 
If the annuitant, be the youngeſt 
cond ; and the poſſeſſor, the eldeſt, fiel 
Then the annual probabilities of 1 
eſtate will — N | reſer 
— 2 be ( 2m * 2m X wt He: 


EIUITE USD INTL = -— abies oil 
on — 1 — which ieee 
the proper terms of the ſeries, expreſſing the value ofth 
annuitant's life) will produce the two following ſeries, 
42 —1 1, , 91 by. 

X = = Ny nes . — 


„ r app nt 
whoſe difference, will be the” value of the anniitas 
ex don. n 
f theſe ſerieſes be compared with thoſe, in the fourt 
exe, it will appear, that if we write F for M, *Fi 
M, for a, and m for /, in the ſolution of that al 


> 
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den the reſult oe <A X 2 — 
— — 2 rar "WM 
33 . Ae in this 


aſe, 


._-—- -—— —— 


EX ANA 2 


B (aged 54) who will poſſeſs an eſtats, on Fog death 
his — 50 (aged 66) if he (B) be the ſurvivor, would 

t an annuity ({ecured on that eſtate) to 4 (aged 43) 
hich is to commence when B comes into poſſeſſion, and 


continue during che remainder of Fs life: what u the 
reſent worth thereof ? 


1 n + — * 
Here F = 12,920; *F = 10,838; —=— S (= 
| F 929; 2,0 32 ME T5 
int — . 107, n+1__21 n—7 
1— — — 3 — — 
* 128 1:8 22 40 Or 
' 39045 3 2 — — = 4 = 
MTs 148 "4:32 4448 
1+ . ( + 1 
ail 4% 16 16 2t 
3. „ —2,082; 2 


Tin 0,8 "7 == 3 
i = 67863 3045 x 795 


tant me 
w 80 883, 2,082 x - 5 = = 1,431: and (4.756 — , 0,883 
F i 


1431 =) 5,304 Will be the value required. 


H 2 - COROL,. 


AS MATHEMATICAL 


” 'COROL. 1. 


If the annuitant and expectant are of ecual apes; th 
= Y. = M, and ==; whence the n 
required will become, * «3 
; ” 

121 GCmr—=20—= r 4 
* — 2 + M An 
as in corol. 1. Caſe 4. 


| C ORO L. II. 
” If the expectant and poſſeſſor are of equal ages; M 1 
m ; and the required value will become : 
Cop FED EEE SES 1 EQEY 


1 2n 


' 


+ F—_ of X = 


REPOSITOR v. 149 
Therefore, the value required may be 2 by, 
= => 3 1 


QUESTION L. 


The reſpective ages of 4 perſons, 4 the youngeſt; 2 
he ſecond; C, the 855 ned D, the eldeft, bein 


| It is required to determine the probability o 


ir 
mo yn in the following order; wiz. that 44d B. the 


youngeſt, 1 either of the two eldeſt ; 
at b. the next ſhall die next; and that D, 
ie eldeſt, ſhall 2 and it is farther 
_ to find the preſent value of D's intereſt in au 


——— taking r * 
SOLUTION. 


Ian de complements of 4, B, C, and D, be ſeveral- 
ly denoted by 7, , =, and v; then (fince = and 


2M -1 


—— are the ſeparate expectations of life, of 4, and J, 


for the firſt year) 1 — ==, and 1 , will be 


the ſeparate expectations of their death, at the beginning, 


or early in that year; whence (1 — x = 


or) > RR 424 27 1 + 2/ —1 * 27—1 will be 


2t 2m 27 Z 


the expoctation, that both of them will die at, or about 
H 3 that 


812 


per ann. or a legacy of 25. dependent on 


n 8 ts probe of Ds o ſurviving C. f. 


2m 
poſed order of ſur 


will be 
vorſhip's | W and (by un 
ee by - 
— = xD wo 220 14 


probabilities of the propoſed order of ſorvivorſhip's ul 
ing place, 'in the cond, third, &c. oy. where t 


_ — — 


I 
ſqm of. of 1 affirmative ſeries = — Xo 2 * 
— 4.— L . the prob. of D's ſurir 


"=o 5 2 


ing C. bx. queſt. 21 = ſums ot _ 2 negative ſeries c 
— — 17 _ „ — 3 X — 0 


F 
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— x< + © X — (v) 


ſeverally, "a | vrobablſhies.” -that both 4, and D, 
il a and ** both B, and Þ, will ſurvive G 


It 


21 m1, — - i 
188 5 X'S 1 


2 Kn 
2 81 3 4 2 — (v) is the pro- 


ability that all the _ peſons, 4 B, "wad D will ſar- 


ire C, by caſe. 1. 33 

Hence, if «we c 55 75 "he * perſons, whoſe 

lzaths are required 10 in order, the poſſeſſors; 
; a 2 Jarviyerſp will take 


* N ſurvivor: 


Nev, from 4 
xpefant, 3 a li he | L 
7 2 and aſe that beth N. „ 


probabili * the two ors 
ad ſurvivor hall all three of them, aut ue the ES / 
Hall the refult be the probability, that the two poſſefſors ” 
410 die before, either the expectant ar furviver ; and. 
ba the expectant will, alſo, die wy the ſur vi vor ; 
ich probability was require, 


1 


S. 


* 
Nr 
nj 
+ : 
— 


—_ A R "CT 

»]e #]&>40 »{&-, 
„ „ Xx 

„liel 


| | 1 | : 
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Then (by proceeding to ſubtract, and add, in the 
manner move.direfies} the probability required will ap- 
a). ” & ® 4 . g 


9 is | 


. . . I 
Again, fince, BD — X =, ix the ſun of the ſe- 


br, . 


ries of preſent worths, which correſponds with the ſcries 


of probabilities, whoſe ſum is ——; 


127 


Therefore, the intereſt of D in an eftate, or legacy, 


4 


worth Þ pounds, will be (D — — Xx D =) 


——  —__ 


EXAMPLE. 

If 4 43) and B (aged 54) are Jed' of an 
ellate of 2 annum; . which is to deſcend to C (aged 
66) if he ſurvives them bath, and will after that come in- 
to the poſſeſſion of D (aged 76) if he be alive at the death 
of C; required the probability that he (D) has of becom- 
ing voſſelled of the eſtate, and the preſent worth of his 
ntereſt therein ? 

Here 4=10; n=20 3 m=42; t2433 whence the pro- 
bability of his becoming poſſeſſed of the eſtate will be 


10xXIOX19 =). ox * _ 

— — - 0,000}; gan . —— — 

(= 2X 20 N74 $a D- „Bern 
2,715, and P = 25; whence, the preſent worth of his 
intereſt in the eflate will be te bl abba ro LAT 


6,001 7, | 12 Means 


- 
l 
* 
; 
i 
= 
= K 
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COROL. L 


If the two poſſeſſors, are of equal apes; they 
— * t — — 
.4 = #13 therefore the anſwers to the queſtion will be 


—— * — 4 0 
a . 4mmn 
COROL, Il. 
gel 10 an ap 4.5 TA OE | 
/ Tffheelder poſſeſſör, and expectant, are of equal 28 | 
den = and rhe anſwers to the queſtion will E H. 
=. 4 2 = oP . N ( 
12 2 6r Gs n 0 
| 
COROTL, III. 
1 . 
If the expectant, and ſurvivor, are of equal 25 
| * 2 . and the anſwers to the queſtion will be 
n vP | 
r 
% O. IV. 
Tf the o poſſeſſors, and the expectant, are of equi c 
' nges; then = ==; therefore the anſwers to tk ; 
0 


6 43 
COROL. V. 


If the elder poſſeſſor, the expectant, and the ſurviro! 
are of equal ages; then e ; and the anſwers to de 


a a 2 1 
COROb 


1 | 3 wv voP 
queſtion will be ———, W 2 


55 


R NON NR XY 
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If the four lies be of equal 1 => — = 2 
and the —— to the , will became — 


PET. X v meren 


ther 


Note. As each of the follawing eleven queſtions, 
of the ſame — ok 8 carl 
laries ; they will {for the ſake propoſed by 
making uſe of the letter 4, Pew . inſtead of the 
Fafteal « of the complements 
eldeſt ; the ſolutions 


names, and t, A*, and D, 

of the youngeſt, ſecond, & durch, 

(ſo far as regard the probabjlities of ſyrvivorſhip) will 
proceed acchrding to the rule printed ih Italics in Page 
151 z and the preſent worthy willibe d. either di- 


| bt 


rely from-thole reſults, or hy a ſimilar » As the 
80 nature of * caſe may requiſe. 


*« QUESTION LI 


123 
The probability, that A and C, E. as 
ſors, ſhall both die before, either B, or D; and t B. 
conſidered as the expectant, ſhall die before D, the ſar- 
vivor: alſo, the preſent worth of D's intereſt, in an 
eſtate, or legacy, worth P pounds, 8 on this 
order of ſurvivorſhip; are required. 
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EY 
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4 


which probabilities (being ſubtraQed, 9 
e eee e —— for the 
robability required; and conſequently, 
= 2 * =_ for the preſent worth of D's in- 
ere! win the laſt queſtion. 


Is o. 


wweſtion) all the varieties (occaſioned, 
r three, of the given lives to be of the ſame ages) will 
ave the ſame reſults, as in the corollaries to the — 
jueſtion ; . nly, the names of paſſeſſor, and 

* in their application to the lives, denoted by 


, 3 


— 


QUESTION LI. 


. probability, that B and C, conſidered as 
„ ſhall both die before, either 4 or D; and A, 
idered as the expectant, ſhall die before D, the ſur- 
in; alſo the preſent worth of D's intereſt, in an eſ- 
, or legacy, worth P pounds, 6 this o- 
er of ſarvivorſhip; are required. 


. 


80 L U- 
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Theſe anſwers (being the ſame with thoſe to the laſt 
by ſuppoſing two, 
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.cc probabilities (being ſubtracted, and added, accord. 
ing to the manner preſcribed) will again, give, — 
for the probability required; and conſequently, 

— — — X _ for the preſent worth of D's inter- 


ef, as in the two laſt queſtions. | 


COROL. 


Hence the reſults of all the varieties (occaſioned by 
loppoling two, or three, of the given lives to be of equal 
iges) will be the ſame as in the corollaries to queſt. 50 ; 
nterchanging only the names of poz/or and expeant, in 
their application to the lives, denoted by the letters 4, 


and C. 


— — — 


QUESTION II.. 


The probability, that 4 and B, conſidered as p14 
ſors, ſhall both die before, either D or C; and that D, 
conſidered as the expectant, ſhall die before C, the ſur- 
vivor ; alſo the preſent worth of C's intereſt, in an eſtate, 
of legacy, worth P pounds, dependent on this order of 


larviyorſhip; are required. 


Which 


A 
> 

11 $0LUTION. 

< mae de probabilities, that D ſhall be ſurvived, by 

— 

6 N bay 
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QUESTION IN.. 


The probability, that C and D, conſidered as poſſeſ- 
fors, mall! both die before either B or ; and that B, 
conſidered as expectant, ſhall die before . the ſurvi- 
vor; allo the preſent” worth ef an eſtate, or legacy, 
vorch P pounds, dependent upon this order of ſarvivor- 
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- urs r IN IXI. 


The et ages of four þ perſons, A, the youngeſt; 
B, the. ſecond; C ages third; 1 D, the eldeſt; — 


given : it is 7 — ta find the probability — their 
ging. in.any dre that hall be preſcribed, « , , 
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If the ſolution of the ich queſtion be applied, to en 
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QUESTION LXII. 


The reſpective ages of 4 perſons; 4, the youngeſt; 2 
the os ag . d d D, the eldeſt; being gir. 
en: it is required, to find the preſent worth of an eſtate, 
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furvivorſhip, that may be-preſcribed. 


SOLUTION. 
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multiplied by the ſame factors, as the probabilities, there. 
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ducts will be the ſeveral preſent worths required. 
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fymbol A, with the addition of the queſtion, or corolla- 
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QUESTION LXIV. 


The reſpective of four perſons; A, the younget 
B, the ſecond ; CO the 3 D the eldeſt; bein 
_ it is required to find the probability, that C and 

„the two elder, ſhall both ſurvive A and B, the two 
younger, and alſo to determine the preſent value of an 


eſtate, or legacy, worth P pounds, dependent on that 
ſurvivorſhip | of 


' SOLUTION... 
If 2, , , and v, ſeverally, repreſent the comple. 
ments of the lives of 4, B, C, ang D, as in the preceding 
queſtions, Then firſt (by queſt 50.) the probability that 
A and B, ſhall both die before either C or D; and that C 
and D, ſhall die, in the order in which they ſtand, it 
=; and (by queſt. 53.) the probability that Aa 
= | . 
B, ſhall both die before either, D or C; and that D aud 


C ſhall die, iy the opder in which they fand, in — . 


3 X ; robot w.l "1 . Wha 
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n 1ꝓꝙ— — ' EK; 

2 2 | IV E 

ther, their ſum — or) 12 — Xx —, | 
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Note, in the following ſolutions we ſhall (for brevity -= 

ſake) denote the orders of ſurvivorſnip, treated off in e 1 

goth, and eleven following queſtions, by writing, 4 J, hab 
C, D, and ſimilar expreſſions, inſtead of ſaying that and 

B, are both to die, before either C or D, and that Cis alo Wil ©} 
to die before D, or words fimilar thereto, adapted to 

other orders of ſurvivorſhip. = 


Secondly ; (by queſt. 50.) the preſent worth of an eftats, 
dependent on the order, 4 B, C, D, is 
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And Gag 8 7 = 8,374 Therefore 8,374 
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SOLUTION... 
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* 12 which by copyhold is ſituated) a certain 

"ſum ( (Hon . — and that every ſuccefſbr Gs 

the like; it is required to find how much the lord's in- 

tereſt in that copy hold, for ever, is worth in preſent mo- 

ys ; and by what ſum, the rentroll of his eſtate ought to 
— on that account? olg 


—_— —— —— ga 9 „14 tee pas 


8 9 L U T 1 0 en 
In order to anſwer this queſtioi, e it will be 
1* neceſfany to —＋ mean age, at. , i£0ants 
lone with another) ma Nd d 6 Het 
"the value of a lie of tee be . J aben. 
vol. II.) Funn e 14 


S inen Au} ns 
dulgxs 


% ae rag. 


mn, 9 = }8XVwz1 is 


7 = ? x: - , 
1 : [300] 195747 ; 2 


IF TAN N OA 
life whoſe 8 ill be P — 

Naß 9 5 Al Ur da . 
the perpetuity of the intereſt of the fine Hi Kenz ore the 
preſent value of the fie; t be received at. the admiſſion 
75 —— elt 45 will * Hs, that is 


T profent hes of an 


Ae if 5 be conceived to be the 
Deity. for n Years certain then (by the proceſs uſed in 
the ſcholium 9 queſtion $9. oe _ it mee * 


7 122 ED a} i 
Ai i 1 Tt. 


N. the lait queſtion) 1 e Ain "of 
to be L at the- expiration of very 1 

years, will be prog - 3 that is Hdivided by. | 

"15 16 Y%Y&CO 1178 L 

width quoticat will tn 

. isfercR in the copyhoid for ever, * af. 

m be ha received the admiſſion * 


Hud ice this preſent worth, Fn: x K. wil par- 


2 AT 

a perpetuity, equal to its. — for one year 
(which may be. found by multiplying it by, 4, "the 
_Iatzreſt of IL. for'1 year) rk I the rentyoll ofthe 


R Beal be encreaſed by = A 


101 | "© 
1 * EXAMPLE 


Gas, 

"Suppoſe £ that for. a cerzain.: copyhald dea — * paid 
on every admiſton; and that the tEnautspadmitted thereto 
are. (one with another) of the age of 25 years? what is 
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„ propoſed to let an eſtate, by n leaſe for two, lives, 
. a N that ihe leſſce (or his bears}. may, on 
every failure of one liſe, put in another, on paying a 
i certain. then, as it is to be preſumed, that the liſe, 
ſo to be put in on renewal will be the beſt. pofbble. (viz. 
a life aged 10 years) it is required to find the age of that 
life, which ſhould be joined with a life of ten years, in 
the jeaſe 40-85 to render it probable;-that the 
ſurviving life, after the firſt failure, may then be of the 
ſame age, with the elder in the original leaſe; and con- 
ſequently, that every renewed leaſe may be juſt of the ſame 
value, as that frſt granted. 


* 4 18 > LIZ % * 
. 181 SVICI +38 © Ä | : k \ ih 2 
4 1 r l 
o * * 
\* 7 S8 So 7 rr 
: l 4 3 A 


& ” 


— 


is to be be t, and 1 then 
From the expectation the longeſt 4 mm 
of the two lives, % " — + 175 


Take the expectation of the two g n N 


47S of. 


1 joint lives, on 


—— = py 
_— * ay 
TIT. = % = 4 


- "EL | 0 F- 7 | 51 | 247m. 
The remainder, — 2}; 
8: 8; 208 
The ſurviv or. 


Now fince the ſurvivor is (by queſtion) to be of the 
ſame age, with the elder life, in the leaſe firſt granted, 
the 


= 


ON — 5, 
T7 #T ; 
g 10 1 4 * T ”m 2 3 

.* Thetefore =— — . 
þ 1 a 2 {+ 10 f 
"MO OOO ION Atitenttatnnd TALES n LVF 20 
p Son 145; 12014110 $44 $04 

And {by reduction) — 3998 — . 

2 


7. 480 Now 


„Let the complements of the lives, for which the leaſe 


+ acc os . 


* 


Sf» Bu Þ» 5: 


me A _ Aw. 


.  - TY © 


— 


RE POS OR 357 
Now fince / 3 = 7 25 and f = (86—10 =) 76; 
therefore ( x 96 2) 8,18. 


hätte 43 will de, nearly,” equal' te the” eo FIG 
of the age "Yequired ; conſequently (8648 =) ir will 


de'that te; and, if the original Kale be granted, far 
two lives of the ages of 10, and 38 years, then eve 
fucceeding leaſe probably be the fame value,” dt 
ln or re ry e „ 214-44 * 57 5711 
r — — | = | 


—w—_ cc ww — 


ly "QUESTION Vik. 30170 r 


! 


4% 
Rb! poſed to at 6 124 of ed bt 1 
2 2 of the reſpediive ages of FT” 
8 years, . with,” a condition, that the Recke (or his 
— may, 22 firſt” failure, put ina new life, 
ade Jos paying a fine certain: what ſum 
ooh t fine to be fixed at, in the re eaſe 98 


6 * 201.3. 11044 
g 30 FUTON... ys horns 


Oz $143.10 


The weeſene value of the reverſion of a younger life, 
after an elder, is given in caſe 2. queſt. 20 whence it 
will ap ar, Ko * SO, that 5,208, Kun the * 
requir 


— — 1g — 
F / QUBSTION: LAXXVIE." 
13.0 


10 1 propoſed to grant a leaſe of an 4 of 1 F. 

r annum, for two lives of 10 and 38 years, with cog- 
pe itions that the leſſee (or his heirs) may perpetually ren-w 
the ſame ; either at the fiſt death, for a fine Z of 5, 208. 
or at the ſecond, for {K-z=) 18,948 (the valve of the 


longeſt of the two lives) : "ns fine 7 * to de paid on 


", 14 D 1, 


granting the original leafe ? 


_— 1 D 


8 OL U- 


U 


| which 


fe MivVi#zmaritai 

27 2 1 Los = . re 1 + — * 24 ite, PURE 
2 : 3 2 0 L U T TON: $27 71 A9 
1 8 * —_ 92 3 
e exigent, that the et thy granting de 


theſe hoes; 8 way, 
queſtions. 33 and. 


ar 
Wee py preſent x Woke all th 


and the preſent worth of all the fines denoted by K will 


2 YN 


"FP. JE - 4 EL Ht &þ $j &@ 9 97 
88805 fites the leſſee (or his heirs) are at Ii liberty, ei 
ic fene bf te rid, or ſecond death af in tat te 
ollie is corfflantly — the leſſor will not be, At all, 
eutituled (the other's" therefore the meau of the Valves 


+1: 269% an 
Aae des nis R 92g, may 


besconßdered as the value which: be has reſerved : and 
conſequently (25— 5-92 =) — 1 ll bet be the tins, 
to be paid on granting 


0 en bo dab 44-54; 5 4 os ma 


o .4C-H0L LUM. + - e 


1 the * M and K, could have been 4 
with the defired accuracy, their values would have been 
equal s but the ipcqualuy has two cauſes ; . the. firſt is, 
that the age 38 is (ia queſt. 66.) ſound without any re- 

zo the Urereſt of money; the ſecond is, that the 
aid e 39, is not ęxact, tho' the neareſt whole num- 
the true Age ens thoſe e being. 
65 18 =) 37,82. 25 ; 


2 * 20 = a7 


; 
wn 
. „ — 4 
\ —_— RE 1 ot _ 
- 5 1 


offe- 


* r 8110 G N 


There i is a leaſe | for two live „ Which may, on 227 che f firſt 
demiſe, be filled up with a life, whoſe * is t, 
0 on 


leaſe} alignares.the. whole ape, bs es al of 


des denoted by . ee * I 5.7065 


„ 


NON 253- 
on paying à fine certain, H; and when both lives are 
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of a ſingle life, put in another, aged 10 years, on pay- | 
ings fine certain of H pounds ; and that (on the failure J 
vol two, out of the three lives) he may put in two others, i 
_ —_ make the renewed leaſe of * ſame Faye 9 
wit t firſt granted, for a fine certain of & pounds : it wi 
is, r* to; find the ages of thoſe e e, vl 0 
ſhould be joined (in the original leaſe with the life, aged b 
10 years, ſo as to render it probable, 'tliat: che leaſe, to 0 
be granted in caſe of a renewal on the firſt death, may 
7 of the ſame value, with that firſt granted. 25 
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be the expectation of Boy: two ſurvivors; but ſince the 
„ leſſee (or his heirs) may, in this caſe, — in a life, whoſe 
complement 1s ?, therefore the complements of theſe ſur- 


Yiyors lives ought 9 be 1 and 15 and, eonſequently, 
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will be the expectation of the life ſurviving thoſe two; 
Which, becauſe the leaſe, then made, is to be of equal 


value with the original, will be a life whoſe complement 
iv's, and erpeftaton . eee DS On 
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Naw by completing n ther two, > equations e it wi 
appear, that, 4 
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oa] to che values of =, and „ il be“ 92850 7.5 
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2 and ($6— 98=) _ and (when a-rencwal is to be 

made, after two of- 


the theee lives have failed) no 2 lives 
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annum, ——— f in feſpectite aber of 1 to 
and 48; with a condition, that the leffee” {i or 50 
may on every firſt failure, put in 2 new 1 ed 10 
years, on paxing a fine certain: what ſum: ; ought. that | 
ae at, in the original leaſe ? 0 4 25 1 
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t ehe pibicnt' W ris! — ws of 3 younger life 
(nter two elder lives is inveſtigated in ned feed 20% 
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£7] #3 is +; 
111 is r to grant a leaſe of ad ęſlate of +; — 
num, for three lives, of the reſpetive=ages=vf 10, 
28, and 48; with a condition chat the leſite.{or bis heirs) 
| may, on every failure of two lives, put in Wee ne, 
lives, aged 10 and 28 years, on paying a 2 certain 2 
that fine is required? —— — 
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younger lives after an elder life, is fund in caſe 3. . : 
18. whick: being applied to ren 9 will eh p 
7,508 for the fine N 
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Tels allen ant leſs cf an fate f. per 
annum, for three lives, aged 10, 28, and 48 N 
conditions that the leſſee ates his heirs) may, - perpetually, 
renew the fame ; either, at the-firſt death, -for a fine of 
2.676; or, when two, of the lives. bave failed, for 
Tag FLA When all three are extin&;* for 10% %% (the 
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1 H, che fine 276 e ad "| 
te fine 9, 10. e * 
— the preſent worth of all | the fins, denoted by , - 
will be - =4+ i 2 of all the fines, denoted by K. 4 
"IT . 2 nd * CAC 
22 — 4 esel be ines, denoted by 
Ih FP Lat al | 1 234487 2 21g g 
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Whence, by Saen 7 4.70 will be the value of WF + 
to Al the fines, denoted by H ſt 
8 Secondty;” 457 — wil be the yalue ofen che nes de. el 
LL 7 f ce 
' de,, 3.490 will be the value of al the fine 972] 
denoted by GW. (2 
Then (by argu rguiog as in q queſtion 88, | EL 
1 wok. — 8140970 will be the value lay 
7 £ 4410129 1153; 
of the leds. intereſt 3 in "all the — and (25—44974 1 
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other lives, whoſe complements are ? and , may be add- 
ed, on paying the fine 15 and, if all the three lives are 
expired, then a new leaſe for three lives, whoſe comple- 
due W. m; and 2, ſhall be granted, on paying the 
oe, G:: Let i it, now be ſuppoſed, th that ane of lr Ws 
lives is extinR, and that che complements the tw 
mainivg lives are c and 5; pes * required to Aelerude, 
5 8 it will be the leſſee's intereſt to put in a Hife at 
this firſt gemiſe, or Sax. all the ſecond, and then to 
put in Wo) 


0. 4 43! 30 995 28 


(Ort en ons 
the leſſee were to tene w, at the time n fins. 
gle life fails, he then muſt, pay the fine, H, again, when 
one of the three lives whoſe complements are 1, c, and 6, 
ſhall fail; but, if he conſtantly renews at the ſecond death, 
he is chen to pay the fine, &, a ſecond time, when two 
| ves out of the three, whoſe complements are t, u, and c, 
ſhall fail ; and then « the complement of the ſurwiver of 
the lives Whoſe complements are c and 4, will by joe pro- 
ceſs 1 ia queſt, $6, probably) be worth 1 1- 
9010 BUT EO EI OG 7. if ba 
2 + Ws 2 + == 5 +: 2 
Now, in the firſt caſe, the intereſt of the leflor, i imme- 


duch before "ow renewals, villbe. —— 7— 


MQ. AIS Ai Vf 4 F4B $113 10 


"the lod U it wilt be A che 

4 e Nr 21s 
Which (becauſe the dae Ki is not payable, till the 3 of 
one of the lives, u hoſe complements are c and 2) wilt be, 
at the time of the w degi e, worth, only, 
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chert, or ſecond dewiſe ; then, ave Ab, 


rene wed till e aud conſeq vent theleſlce's 
to renew now; bat, if — exceeds 1408 x 
TCD = + Fauctrr 
then jt will be the Jeflorts jutereſt to have the leaſe renew- 
edi now und the lefite's,: to de it. 
Note. When the ages and fines are properly proporti. 
oned, as in "queſtions yo, or, 9 2, and 93 if,” on the 
failure of the firſt life, the joint lives of the tuo ſurvi- 
vors is worth more, thart the joint lives of two perſons, 
aged=8'and 48, it will be the leſſee's intereſt to poſt- 
pen che renewal, till one of them fails; but if the joint 
d and 48, are worth more, than the joint lives 
of the ſurvivors, it will be his intereſt to renew directly; 
which is evident, . frpm the folutions ot, theſe — 
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— mens ns Ti Ne 
. * fach A that mentioned in the lat . 
let us ſuppoſe, that two, of che three lives, have failed, 
the complement of the ſurvivor being 1 Then, will it 
be the intereſt of the leſſee to renew ___y, or to Fly 
till the remaining life is alſo extinRt, | a 
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SOLUTION, 


If the leſſee were to renew. on the fullore of 
the. ond Jife, he is to pay the fine, K, a ſecond time, 
when two lives, on of the thrre whoſe complements 
223 are 


will be tlie: Teffor's Intereſt; that the leuſe ſhould not be 
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are t, m, and c, ſhall fail ; but if he conſtantly renews 
when all the three lives are extinct, then he will be to 
pay the fine, G, a ſecond time, upon the failure of all the 


three lives, whoſe complements are 7, u, and . 
Then, in the firſt caſe, the intereſt of the leſſor, imme - 
diately before the renewals will be REY —, and 
6 ; dx ayCirr 
| i Es; thi latter of which (becauſe the füng & l. 
| » Is n ; 
db. FRB. | | EIN, 
not payable till the failure of the life whoſe complement 
is c) will, at the time of the ſecond demiſe, be worth, 
1—41, X S + 


On — 


only, 
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ow, if the fines, K and G, are ſo proportioned, as 
to make it indifferent to the leſſee, — he — at 
the ſecond or third death; then, 


X — 1=4% x & 
d xd rre rr YL 
Whence, if LN — exceeds ———, then 
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. F. | 
it will be the leflor's intereſt, that the leaſe ſhould not be 
renewed till the third life fails; and, conſequently, the 


leflee's to renew directly: But, ij 

| WW F.gCorr. 
due it will be the leflor's intereſt to have 
TT 


the leaſe renewed now, and the leſſeeꝰs to poſtpone it. 
Note. When the ages and fines are properly proportion- 

ed, as in queſtians 90, 91, 92, and 93.; then L. FM 

= G; and, if the remaining life (whoſe complement is c) 

be younger chan 48; it will be the - intereſt of the leſſee 

not to renew, till the failure thereof; but if the ſurvivor, 

is elder than 48. then to renew directly, . oft od 
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"QUESTION XCVI. 


Wut lum ought to be paid for inſuring, for one year, 
a given ſum, 4 on a life, whoſe complement is a? 


SOLUTION, 


Since the probability of the life's failing in that year is 
— and (if chat happens) the inſurer is to pay to the 
= didw J 31 indo: | 

inſured, the ſum, 5; therefore, the premium, for that in- 
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k 'S C31 44 Oer 4 

ſbould be — 
ſurance, i 
9 TO aas. * 


0d — * FX AMPLE. 
If the ſum of 160 LF. is inſured on a life, aged ſixty ſix 
z then r (86—66=) 20; and (382 =)'5 . will 
1: Nate; Tbe premium of inſurance is uſually paid down, 
aut the time of-- inſuring ; but the ſum inſured does (in caſe 
of the death of the perſon whoſe life is inſured) generally 
remain unpaid; till the end of the year, and ſometimes 
Ager; now (if the computation be made, as above) it 
zs evident, that the premium is but juſt, adequate to the 
hazard :* and conſequently, if the inſurer is to expect any 
rofit, on the tranſaction; the intereſt of the premium 
Which by the above cuſtom he enjoys) for one year, will 
be a very moderate one; being (in the above example) 

; but 58. if he could make 5£ per cent. of his money, 
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is „azza vViigh wan, 
"QUESTION xcyn. 
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What conf ant yearly ſum, of which the firſt payment 
% 6 be müde immedi dely, ovght to be paid, for inſur- 
ing the ſum, 5, ona life whoſe complement is »? 
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By the laſt queſtion, the premium ſot inſugipg, the firlt 
year, will be —; and, when that is DO ut 


the ſecond year, — for the third: 1 
|| 


But, foraſmuch as the premium, for che Ted Ul 
Ec. year, will not be payable, unleſs the inſured ſavivt 
the firſt. ſecond, &c. year ; the probabilities of which are 


„„ 51 
— — &c. therefore, the premiums for the cond, 
third, &c. year, 8 eſtimated at the beginning of the 
firſt year, will be === X 2 &c. or 
un k-1 2 2— 2 
I KM ©9170 Met ant U 
1 2 &c. - 19111 eum 


Again, becauſe the ſaid premiums for te 2d. zd, &e. 
year, do not become payable, till the expitation of the 1|t. 
2d. &c. year ; the preſent worth of them, computec at the 
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 begianing of the firſt year, will be 2 Kg. 
ug | 
| fince one payment is to og made immetiaely, Farah 
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will be the HE worth of all the yearly premiums, that 
can be received by the inſurer; for, by nee 
equal decrements, the life will be neceflarily extinct, At 


the end of the "th year; and conſequently, = 

Aas (Or 7 AT 
will be the preſent worth of the laſt premium, that he 
can poſſibly receive. 
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RI (by queſt, I 5:v0!, 2.) therefore (putting 


ar 


7 F. and — 92 + = + — (») the pre- 
Fl <4 1 | 4 
Kat uorch of all the unequal premiums, which can be re- 


F 3 ne ir P 3 
ecived by be inſurer, will be — X i. 


But the preſent worth of all the conſtant annual ſums, 
Which the infurer is to receive, for inſuring the life in 
veſtion, will (if N repreſents the value of a life, not 
7 by land, whoſe complement is z; and a, the year- 
»--ſum, ſoto be received) be (a + Na or) 1 + N X az 


Jor the fum, 2, is to be immediately received, and the 


receipt thereof is to be annually continued, during the 
life, whoſe value is N; alſo, if the life fails, in any part of 
a year, no ſum is to be received at the end of that year; 


for then, the Tum inſured is to be paid to the inſured, or 


— — E232 — 


a P 0 | 
It follows, therefore, that — x 1, the preſent worth 


of all the yearly unequal premiums, which the inſurer 
would receive, if the life was to be annually inſured ; 


will be equal to, IN Xa, the preſent worth of all the 
ual premiums, which he is to receive, if he engages to 
nſure the life, on the receipt of a conſtant yearly — : 


That is 1 + N X 2 X 1—p; 


TY ir P 1 —þ 
+49 — — X * 
Therefore 4 2 
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. 5e. What conſtant annual premium ſhould be 
id,; for. inſuring 100. on a life, aged 66, allowing 4 
. compound intereſt ? 
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re = 1003; r—=1,04; P=35 ; n=($86—66=) 20 


20,4504; -g, 5430: N=7,333; and1 +N=, 
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Therefore eres. > 04X25X0,5436 =) 8,481 will be 


20x8,333 

the annual premium required, | 

Schelium. The above queſtion may be, otherwiſe, 
ſolved, in the following manner : the infured purchaſes 
the ſam 5s, to be paid to him, or his aſſigns, on the deceaſe 
of a life, whoſe value is N; by the payment of the ſum, - 
@, in hand, and by the annual payment of the like Tum, 
a, during the continuance of the: faid life. ny 

Now (by queſt 89. vol, 2.) the preſent: wort of 2 
pavable on 12 failure of the propeten life, is 


1-p X: X r (124317 2443 4u8 
or 1—r—T XN; and, conſequently, _ 


nx r—1 
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ſent value of s will be equal to INES Winer 
{557 (11 ſk 
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Therefore a= 2 or e 
1+N xx T* 


In the above example; Pinay = 0,04" aide 
= 0,29332; 1— 0,29332 = 0,7 0068: and 70998 


X 100 = 70,668 : F 
| 8 
Therefore (A — 


payment, as — 


7 8,481 ill be bo wana] 


QUESTION XCVIIL' 


A. who has a place, or other annual inc»me:forilifs, 
would borrow a ſum of money of B, and (beſides a band, 
bearing intereſt) would inſure his life, as a collateral ſe- 
curity ; B undertakes to be the inſurer, and to remit the 
pay ment of the principal, to the heirs of 4, if he con- 


N pays the ſaid intereſt and inſurance, daring is 
R 3 1 
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life to him, B, or his heirs; what ſum ou ht 4 to pay, 
| anndally for intereſt and inſurance, for 1L. 0 lent? 


SOLUTION. 


Let N be the value of 4's life; then (by the ſcholium 
to queſt 97.) the annual inſurance of 1L. will be 
2 —xN 


3 —; to which add, —1, the intereſt of 1. 


* | I—r—1 xN 
And the fum (= —— rf vil be 
* the annual 1 required. 


Example. If A. the borrower, be aged 66 and intereſt 
de computed at 4 per cent; then 2 = 1,04, and i + N 


-= 8,333: 


Whence (= = 0,125 will be the fum required. 


SCHOLIUM. 
It is neceſſa 


ry, here, to obſerve, that the borrower 


_ not to receive the full ſum of 1 4 (bere ſuppoſed 
tent) becauſe he is to pay the firſt year's inſurance 


own; and, d, conſequently ſhould receive but 
— 1 3 1+N —14++—TN 
( N I IN 


* Y T in the above example 
— X 7:333 =} 6.ore. | 


155 will appear to be true, by n that the fum, 
— IP for a life 


nM 
whoſe value is N; for if N a NE hen = ——— 
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A Tan of the preſent values of an annuity ({ ecured 


. dy land) of 1. per annum, on a ſingle life; ſuppolin 
decrements o life to be equal. , FO ing th 
— 2 
f Ages 3 per cent 34 per cent . —— : 
8 [19,934] 18,336] 16,949 
9 | 20.064] 18,443] 17,038 
10 | 20,064] 18,443] 17,038 
11 [19,934] 18,336] 16,949 
12 | 19,804] 18,227] 16,858 
13 |19,671] 18,117] 16,765 
14 [19,535] 18,005] 16,671] 
15 19.3980 17,891] 16,575 
16 [19,258] 17,774] 16,478 
17 [19,115] 17,655] 16,378 
| 18 | 18,971] 17,534] 16,276 
| 19 [18,824] 17,412] 16,172]. 
| 20 | 18,675] 17,287] 16,066 
| 21 18.524 17,159 15-950 
22 |18,3 17,029] 15,84 
23 118, 212 16,896 15.736 
24 [18,053] 16,762 e 
25 17,892] 16,624] 15,504 
20 [17,728 16486 15,386 
27 [17,560] 16,343] 15,265 
28 | 17,390] 16,198] 15,13c 
29 [17,217] 16,059] 15,012 
30 {17,041} 15,900| 14,882] 
31 16,863 15,747) 14,7501 
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A Tan of the preſent values of an annuity (ſecured 


by land) of 1 C. per annum, on a fingle life ; ſupfoßng the 
decrements of life to be equal, | 
Ages/3 per cent|34 per cent|4 per cent, 47 per cent{ 5 per centi b per cent 
32 J 16,682] 15,590] 14,615 13.739 12.952} 11,97 
33 | 16,49;] 15-439] 14-476 13.619 12,847, 11,515 
34 16. 300 15,268] 14.335 13.496 12,739 11,431 
35 | 16,114] 15,103 14191, 13.370 12,620 11,344 
36 | 15.923] 14.934 14,044 13,242; 12,516 11,255 
37.] 15,725] 14.702 13.894 13,110, 12,399 11,163 
38 | 15,523]-14,586] 13,740 12,674] 12,279 11,070 
395.3191446 13,5821, 12,3371 12,157] 10,973 
1 15,111 14.225 13,423 2,595 12, 03 110.873 
41 | 14,898. 14,039 13.258 12,550 11,902 10 771 
4214,68 ] 13,89] 13.0910 12,301 11,771] 10,665 
43 | 14-464] 13.650 12,920| 12,248 11,6351 10,556 
44 | 14-24c} 13459] 12,744] 12,093, 11,495 10.444 
45 | 14,014] 13,256 12,566] 11,933 11,3531 10, 329 
40 | 13,782] 13,051] 12,382 11,770 11,207 10,209 
47 |. 13,546 12,842] 12,195] 11,602; 11.055} 10,057 
48 | 13,308] 12,628] 12,00 12,430] 10, 901] 9.910 
49 | 13,064] 12, 409] 11,808] 11,253 10,741] 9,829 
50 | 12,814] 12,186] 11,607] 11,072] 10,578 9.695 
51 | 12,562] 11,959] 11,402] 10, 887 10,410| 9,550 
52 | 12,305] 11,727] 11,192] 10, 697 10,237] 9,412 
53 | 12,044] 11,489] 10.977] 10,501] 10,059] 9,265 
54.1 11,776] 11,248] 16,757] 10,301] 9,877] 9,111 
11,5061 11,0c01 10,532] 10,096] 9, 688] 8,954 
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A Tat of the preſent values of an annuity (ſecured 
by land) of 1. per annum, on a ſingle life; ſuppoſing the 
decrements of life to be equal. 


Ages|3 per cent[ 3 per cent]4 per cent[47 per cent]5 per cent[® per cent 
56 18.790 


10, 228 
9.940 


- 9,086 
9.405 


9.121 
8,828 
8.5 29 
8.225 
7.913 
7159 

7,20 

6,937 
6,597 
6,249 
25 
* 
4-782 
4394 
3-593 
3,178; 


11,229 10,750 
10,947 10,493 


10,302 
19,966 
5 


12 
3.540 
3,136, 


9,885 


9,069 


9,447 
9,219 
8,98 5 
8,746 
8,499 
8,246 
7.985 
7,718 
7, 

—— 
6,871 
6,574 
6,269 
$9954 


3,871 
3,488 
3,094 


9495 
91297 
9,092 
8,882 
8,665 
8,443 
8.214 
77977 
7.734 
2.484 
14227 
6,961 
6,686 


— 


— 


— 
— — 


8.790 
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370 MATHEMATICAL 


A TasLt of the differences, between the values of an. 
nuties for fingle lives {ſecured by land) and the quoti- 
ents ariſing, from the diviſions of the reſpective comple. 
ments of thoſe lives, by 6 times the rate of intereſt; which 
differences occur, in moſt of the ſolutions contained in 


this volume. 


Ages|3 per cent]; Fpercent[4 per e per cent]5 per ccntſ per cent 


6,259 


4.930 3776 


81. 7>759 | 

9. 7760 | 6,205 4,358 3,692 
10 |. 7,766 | 6,205 | 4,858 | 3,692 
1. 7-799 | 0-259 | 4939 3,76 
12 1. 7-339 | 6,311 | 4.999 3.859 
131. 7-359 | 6,362 | 5.966 | 3,940 
14 1. 7-385 6,1 5,132 | 4,020, 
15 | 7-999 6,458 | 5,195 | 4,098 
16 | 7,931 | 6,502. | 5,260 | 4,176 
17 | 7-950} 6,544 | 5-320 | 4,250 
18 7,958 | 6,584 | 5,378 | 4325: 
12 7 8 0,023 | 5,435 | 4.395 
20 1..7:990 | 0,659 | 5,489 4.464 
21 8,co6 | 6,692 3,5414531 

1913723589497 
23 8.019 6,751 5,639 4,660 
24 [8,02 1 6,778 5.686 4.721 
25 | 8,022 6, Soi | 5,728 | 4,781: 
28 8,019 | 6,822 | 5,770 | 4,838 
27 | 8,013 |. 6,842 | 5,810 | 4892 
28 1.8,005, 6,859 5.844 4-945 
29 | 7,994 | 6,871 5.877 | 4:994+ 
30 | 7,9%0 | 6,883 | 5,908 | 5,042 
31 | 7,964 | 6,891 | 5,936 | 5,085 


| 


1 


| 
1 
| 

1 
| 
| 


. 
c 


N 


2,770 | 


2,672 
2,672 
2, 770 
2,868 
2,958 
3-049 | 
3,137 
3,224 | 
3,311. 
3,398 
35479 
60 


1,107 


0,957 


0,997 
1,107 


1,217 
1,326 
1,433 
1,539 
1,043 
1,746 
1,848 
1,948 
2.047 


2,144 
2,241 


*| 2,335 
2,428 


2,520 
2,609 


2,698 


2,783 
2,867 


2,948 
3,027 
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ATaBLE of the differences, between the values of * 
nuities for lives {ſecured by land) and the quotients ariſing. 
from the diviſions of the reſpective complements of thoſe 


lives, by 6 times the rate of intereſt; which differences 


occur, in moſt of the ſolutions contained in this volume. 


Ates]; per cent 3 per cent 4 per cent 4 per cent|5 per cent]6 percent 


7,921 | 6,896 | 5,982 | 5,166 - 4-434 | 3,182 


7,866 | 6,891 | 6,018 | 5,230 | 4,534 | 3,325 
6,883" | 6,031 | 5,267 | 4,580 | 3,394 

| | 6-942"} $,295 % 3,459. 
6,048 | 5,319 | | ; 
| 6,050 | 5,341 ' 4,697 | 3,583. 
of 60510} 5.358} 4.729 | 3,649 
| 6,046 | $:373 | 4-759 3.695 
| 6,039 5.383 4-787 | 3,747 
6.029 5,390 | 4,810 | 
6,013 5.394 | 4.329 | 3,840 

+ | 5995 
5.972539 | 4,858 | 3.920 
3.945 | 5.382 | 4-865 | 3,955 
| $-912 | 5-309 '| 4,869 | 3,985 


_—_— 


$,838 | 5,330 


* 
5.7435. 274 4.840 40 
5,689 5.238 4,821 pa; 
5,629 | 5,196 | 4,798 | 4.079 


55 | 6,490 | 6,008 | 5,565 | 5,152 | 4,767 | 4,080 


7,944 ©,895 | 5,961 | 5,126 4,381 , 3,107 
7.895 | 6,895. | 6,001 | 5,202 | 4,485 | 3,255 


5.394 4845 3,883 


5,876 | 5,352 | 4,868 | 4,011 
5.793 5-395 | 4854 44953 


a 
. 
. 

b 11 
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a . pu 1 1 4 +: A * 2 
A TazLz of the differences, * the values of au. 
duties for lives (ſecured by land) and the quotients ariſ. 
ing, from the diviſions of the” ref ve-complemenits of 
thoſe lives, by 6 times the rate of intereſt ; which differ. 
ences occur, in moſt of the ſolutions contained in this 
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